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INTRODUCTION* 



X H ]^ outlines o( this EfTay were pub- 
iilhed, about two years fince, in the Latin 
language 5 and feveral of the moft eminent 
profeffional men honoured them with par- 
ticular attention. A reception fo flattering 
from intelligent criticifm gave me an un- 
txpefted importance, ancj encouraged me 
to continue my labours with the hope of 
prefenting thfem to the publick in a more 
Jjerfed: form. 

In the coirrfe of thefe labours many dif- 
ficulties have arifen, and much exertion has 
been employed; and fuccefs has often fa- 
. voured me : fome ; queftions however are 

A 4 ftill 



vin I N T R O D iTCT I O N. 

ftill left undetermined, and forae fadts un- 
explained ; but about thefe I am lefs anxi- 
ous, as they are not immediately conneiSed 
with the principal objedl of this Inquiry : 
and, although feme fmall obfcurities may 
ftill remain, feveral fa£ls are afcertained, 
which will, I truft, be of confiderable ufe 
both in Philoibphy and Phyfick. 

The refpiration of animals has long been 
a difficult problem in Phyfiology, and no 
fatisfa(5tory folution could be given of it, 
whilfl Chymiflry continued in an unculti- 
vated ftate : the general fai!ts were indeed 
attended to, and conjeflures propofed to 
explain th.cm{a) ; but as long as conjedlure. 
on/y 



(a) Sir Ifaac Newton imagined that the atmo- 
fplierlc air might communicate an acid vapour to 
the blood in the lungs, which was neccflary to keep 
up the aflion of the heart. Optics, p. 355. 
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only was ufed, doubt and uncertainty re- 
mained. 



Within thefe few years the knowledge of 
chymiftry has been much improved, and 
experiments have been applied to rcfpira- 
tion with confiderable eifedt; new fa61:s 
have been difcovered, extraordinary pha:- 
nomena explained, and confiderable obfcu- 
rities removed; but fome difficulties ftiU 
remained to tempt the hopes of future la- 
bourers. In the courfe of this Inquiry I 
have carefully examined the fadls defcribed, 
by others, and inftituted a variety of new 
experiments, which feem to have afcer- 
tained a principal ufe of refpiration, its 
connexion with the motion of the heart 
and the other fundlioiis of the body. 



The life of animals has alfo been a fub- 

jedt of attention at difterent times : for 

until 



until we are acquainted with fome of its 
ciTential qualities, we cannot exped; to di- 
ftinguifli it from death. The ancient phy- 
ficians feem to have been aware of this ; 
but they did not labour to fupply the 
defeft. 

About the middle of this century two 
■writers of diftinguilbed character entered 
Upon the inquiry (a), and purfued it with 
great ardour and enthufiafm for a confide- 
rable length of time : in this purfuit they 
difplayed much learning and ingenuity, and 
collefled many valuable fads from the 
writings of others ; but flill their conclu- 
lions were unfatisfadory, and their opinions 
are now fallen into negled. This indeed 
will not be wondered at by fuch as have 
examined their works j for it is generally 
obferved 



(<i) Wbytt and Haller, 
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obferved of them, that they often blend 
hypothefis with fa£t, and fometimSs gralp 
at more than the mind can attain. 

After this time the ftudy of life was 
generally neglected : however, feme profef- 
fional men attempted to fearch for the 
diftiniftion between life and death in the 
fenfible qualities of the body. Obfervations 
were coUeded, and feveral marks propofed 
to the world to determine this diftindtion {a) : 
but fubfequent obfervation has rtiown them 
to be infufficienti and, after much refearch 
and altercation, it is now generally allowed, 
that we have hitherto no other means to 
determine 



(a) Lettrcs fur la Certitude des Signcs de la Morr, 
par Monf. Louis. 

Differtatio an Mortis jncerta figna minus a chi- 
mrgicis quam ab alils experlmentis. WiNs^tow. 



determine on ablblute death, but the pre- 
lence of putrefaction (a) . ■ 

To avoid the fources of theie failures, 
I have endeavoured to confider the fubjedt 
in a different manner (^), taking the living 
body when all the accidental figns of life 
are removed, applying to it thofe external 
powers which really do reftore them, then 
attending to the place and circumftances of 
their firft operation, and the immediate ef- 
fect they produce : thus I was led to the 
effential quality of life, and confequently 
to the means of diftinguifhing it from 
death itfelf. 

This 



(a) Diirertation fur I'lncertitude des Signes de U 
Mort, par Monf. Bruhier. 

(i) DilTcrtatio InauguralJs dc Vita Corporis hii- 
inani. Aiiftore J, T. Vander Kemp. 
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This diiliniflion will be the more valu- 
able, as it applies to every fimilar ftate of 
the body, whatever may have been the ori- 
ginal direale ; and if it be properly attended 
to, we may always determine with certainty, 
whether a perfon be really alive or deadj 
and the bodies of our friends may now be 
configned to the grave, before they become 
noxious to others. 

But the benefits of this Inquiry have 
extended ftill further. 

From the refult of the whole, I have 
been enabled to determine the nature of the 
diCeafe that takes place from drowning, 
hanging, and breathing feveral noxious airs j 
to give it a defcriptive name, and its proper 
place in the fyftems of nofology; and to 
point out the moft effedlual means of cure. 
Many remedies are recommended for this 
purpofe in the iJireiSions of publick Socie- 
ties 



,iv INTRODUCTION. 

lies of different countries, and all of them 
are faid to have been employed with fuc- 
cefs ; and fince the afTertion is favoured by 
foine of the moll refpedtable auihors, both 
ancient .and modern, no one can deny it 
without incurring the charge of prefump- 
tion ; but if it ihould appear here, that 
animals may be recovered from the difeafe 
with equal eafe, without the concurring 
operation of a great many of them, a re- 
gard to truth, as well as publick utility, 
ought to determine our choice, fiefides, 
when it is remembered that a prepoflefllon 
in favour of thefe remedies may occafion a 
confiderable lofs of time, and that a lofs of 
time in this difeafe is often a lofs of life, 
the intereft of humanity fliould rife above 
general prejudice, and refped for authority 
give way to deUberate inveftigation. 

In the whole of this Inquiry, I have 
endeavoured to adhere clofely to the method 

of 
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of AnaJyfuy beginning with effects, and 
afcending to their particular caufes, and 
from particular caufes to more general ones, 
with the affiftance of y/H(7/(5^ ^vAInduBiorty 
until I could proceed no further. Then I 
affumed the lafl: conclufion as a general 
principle to explain the produdlion of all 
the effedts in a defccnding feries to the firfi: 
phtenomena, where the analyfis began ; in 
this manner adding the Synthefis, and thus 
giving to the refult all the evidence which 
the nature of the fubjedt would admit. 

To avoid the danger of being mifled bjr 
the colouring of fancy or inaccurate obfer- 
vation, the experiments were repeated feve- 
ral times with great care and attention, and 
always in the prefence of fome judicious 
friends : but as the teftimony of the fenfes 
■is not always fufficient, and the moft care- 
fill inquirer may fometimes err, I neither 
exped, 
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expect, nor even wifli the conclufions fliouJd 
be adopted, until the experiments fhall have 
been repeated by others j and if it be after- 
ward proved, that I have been niiflaken in 
any part of them, I ihall readily retradl the 
afiertion, and acknowledge the error : for 
the intereft of truth and the welfare of 
mankind are of raore value than the repu- 
tation of an individual; and, as M. Bonnet 
properly fays, " JJn j'ai tort vaut mieux 
que cent rc'pliques ingenieufes." 



London, 
Mityb, 178a. 



SECTION I. 

I 

yb a/certain the general EffeSts of Submerfim 

on living Animals. 



I 



N the courfe of this incjuiryi we propofe 
to afcertain the general ejffedts of fubmerfion 
on living animals, and to trace their con- 
nexion with the a<5tion of the water on the 
body; 

The firil: of thefc objedS niay be obtained 
by attending to the different changes that 
take place in living animals while they are 
immerfed in water^ and examining the ap- 
pearances of the internal parts when the 
body is taken out; and the fecond, by 
obferving the manner in which the water 

B ia 



is applied to the body in fubmerfion, and 
tracing its particular operation in producing 
thefe changes. 

For the firfl: purpofe, I procured a large 
tranfparent glafs bell, that would allow me 
to diftinguirti accurately the circumstances 
that took place within it; and when it was 
inverted, and filled with water, I put into 
it, -at different times, feveral cats, dogs, 
rabbits, and other fmaller animals, and 
confined them there till they had the ap- 
pearance of being dead. As ibon as they 
were put under the bell,. I attended to the 
changes that took place in the body ; and 
when they had loft the external figns of 
life, I opened the head, the breaft, and 
belly, and examined the internal parts. 



Whilfl I was engaged in this bufinefs, 

the bodies of three unfortunate perfons, 

who 
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t I 

who had been drowned, were brought to 
me, at different times, with permiffion to 
infpedt the internal parts : thefe I examined 
with great care and attention, and com- 
pared the appearances with what I had fcen 
in the other animals. 



In thefe different experiments, I obferved 
fomc variations in the external morbid 
fymptoms, and in the appearance of the 
internal parts ; but the order and fucceffion 
of the fymptoms, and the condition of the 
organs immediately connedled with life> 
agreed uniformly with the following de- 
fcription* 

When an animal is immerfed in water^ 
his pulfe becomes weak and frequent; he 
feels an anxiety about his breaft, and ftrug- 
gles to relieve it : in thefe ftruggles he rifes 
towards the furface of the water, and throws 

B 2 out 



out a quantity of air from his lungs. Aftei 
this, his anxiety increafes ^ his pulfe becomes 
weaker; the ftruggles are renewed with 
more violence ; he rlfes towards the furface 
again, throws out more air from his lungs, 
and makes feveral efforts to infpirej and iai 
fome of thefe efforts a quantity of waters 
commonly paffes into his mouth. His ikinil 
then becomes blue, particularly about the! 
face and lips; his pulfe gradually ceafes jJ 
the fphinfters are relaxed; he falls dow 
without fenfation, and without motion. 

Ii' the body he immediately opened, itJ 
has thefe appearances : 

i^, The external furface of the brain : 
of a darker colour than ufual ; but the vef- 
fels are not turgid with blood, nor are there 
any marks of cxtravafation about them. 



The 
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2^, The cavity of the lungs contains a 
confiderable quantity of frothy fluid ; and 
the pulmonary arteries and veins are filled 
v^ith black blood throughout their whole 
extent. 



3"^, The right auricle and ventricle of 
the heart are ftill contradling and dilating ; 
the left finus venofus and auricle move 
feebly; but the left ventricle is at reft. 

4% The right auricle and ventricle are 
filled with black blood, and the left finus 
venofus and left auricle alfo ; but the left 
ventricle is only about half filled with the 
lame-colqured blood. 

5^, The trunks and fmaller branches of 
the arteries proceeding from the left ven- 
tricle, contain a quantity of this black 
blood alfo. 

B 3 In 
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In the early ftate of medical knowledge, 
and before anatomy was much cultivated, 
it was generally fuppofed, by different 
writers, that the water produced thefe ef- 
feds on animals by rufhing into all the 
cavities of the body, and rupturing fome 
of the organs immediately connedlcd with 
life (a). But fince the ftrudure of the 
body has been more accurately examined, 
and the ufe and connexion of the different 
fundlions better underftood, it appears evi- 
dent that thefe changes are to be attributed 
entirely to the effects which the water pro- 
duces on the lungs ; either direSily, by en- 
tering into their cavity j or indireSilyt by 
preventing 



(«) Galen. Lib. III. Comment. 40. — jEgineta, 
Lib. in. p. tn. 97. — ^tius. Art. Princip. p. 404. — ■ 
Alexand. Bcncd. Cap. III. — Codrongus de Submcr- 
lis, p. m. 322.— Scnertus in Fraxi, Lib. II. p. 350* 



[ 7 ] 

preventing the entrance- of the air of the 
atmofphere. 

Several authors have endeavoured to dif- 
cover by which of thefe means the water 
operates ; and, after confiderable labour and 
attention, they were greatly divided in their 
opinions : fome contended for the former {a), 
and others for the latter (i^). The conclu- 
fions, however, of both parties were gene- 
rally drawn either from cafual obfervation, 
or from infufficient and undigefted experi- 

B 4 ments; 



(fl) Plainer. Cent. Quaeft. Paradox, p. ^^.-^Louis^ 
Menioires fur les Noyes, isfc. tsfc — De Haen^ Ratio 
Medendi continuata, torn, i, tsic. 

{b) Littreus and Senac. — Hiftoire de 1' Academic 
Royale des Sciences, anno 17 19. — Hallevy Praeleft. 
Boerhaav. torn. 2. p. 219. — Win/low^ Experim«.*iita 
Bruherii. — Kaaw Boerhaav e^ Impetum faciens, p. 2218, 
l^c. tic. 
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ments ; in confequence of which neither of 
the opinions has been eftablifhed by its 
partizans ; and it ftill remains a.queftion in 
phyfiology, which we fhall next attempt 
to decide by experiment. 



SECTION 
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SECTION II. 

To determine whether the Water produces 
thefe Changes diredtly, by entering into 
the Cavity of the Lungs ; or indirectly, 
by excluding the atmofpheric Air. 

If the water enter into the lungs in 
drowning, we may naturally exped to find 
it there afterwards, when the body is opened : 
but if the body be opened after the ob- 
ftrudtion of refpiration from any other 
caujfe, there is often a frothy fluid in the 
cavity of the lungs, refembling a mixture 
of air and water, which might miflead the 
inquirer. 

In confequence of this, it has been fug- 
gefted to add fome colouring fubftance to 

the 



the water employed in experiments of this 
kind, that, if it Ihould enter into the lungs 
in the procefs of drowning, the peculiarity 
of colour might ferve to diftinguifla it from 
this frothy fluid : but if the coloured fluid 
fhould enter into the lungs in a fmall quan- 
tity only, the colouring matter may be fo 
much diluted by the pulmonary mucus, as 
to lofe in a great meafure its diflinguilhing 
charadler. On this account, it will be 
better to employ the de?peft colours in 
ihefe experiments, fuch as very black ink» 
ftrong folutions of blue vitriol, See. 

Experiment I. 



I filled my glafs bell with ink, and 
immerfed a dog in it. As foon as his 
itruggles ceafed, he was taken out, and 
examined. A fmall quantity of frothy 
fluid was found in the lungs, and it waa 
coloured with ink. 

The 



MM 

The fame experiment was made on three 
pther dogs; and the fluid found in the 
lungs of each of them was coloured with 
ink. It was alfo repeated on three cats^^ 
and with the fame general refult^ 

From thefe experiments it appears, that 
fome of the ink pafled into the lungs of 
thefe animals ; and we may infer from it, 
that a quantity of water commonly pafles 
into the lungs of animals that are drowned : 
but it may be ftill fufpecSed, that this water 
enters into the lungs' by its own gravity, 
after the ftruggles of the animals have 
ceafed 5 and therefore that the prefence of 
water in the lungs cannot have occafioned 
the fymptoms which preceded. 

This queftion may be decided by putting 
the bodies of animals into a ftate fimilar to 
that which arifesf from fubmerfion; and, 

after 



] 

after the ftruggles have ceafed, by plunging 
them into a coloured fluid : for if the fluid 
enters into the lungs in this ftate, it may 
be inferred, that the ink alfo entered into 
them by its own gravity, after the effort* 
to infpire ceafed. 



Experiment II. 



I 



I paffed a ligature round the trachea of a 
dog, and ftrangled him. As foon as he 
ceafed to move, I plunged the body Into a 
quantity of ink, and confined it there for 
feveral minutes. On examining the lungs 
afterwards, I found no ink in them. 

This experiment was repeated on two 
other dogs, and with the fame refult. 



Here we find, that the ink does not 

enter into the lungs by its own gravity, 

after 
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after, the efforts to infpire ceafe. It muft 
therefore have entered into the lungs of the 
animals of the firft experiment during the 
ejflfbrts to inipire. 

But if the ink entered into the lungs of 

thefe animals during the efforts to infpire, . 
was it not fufficient to produce the changes 

that took place in the body in confequence 
of fubmerfion ? 



To determine this queflion, we muft 
afcertain the quantity of water that pafles 
into the lungs during fubmerfion, and the 
changes that are produced on the body by 
the introdu6tion of an equal quantity of a 
limilar fluid. 



If the ink which pafTes into the lungs 
would remain there in a feparate ftate, we 
might afcertain the quantity that paffed 
into them in thefe experiments, by preffing 

it 
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it out again at the trachea : but this ink is 
fo intimately combined with the mucus of 
the lungs by the agitation of the thorax, 
that we cannot colled: it in a feparate ftate. 
If, however, we employ fuch fluids in thefe 
experiments as have no difpofition to unite 
with the pulmonary mucus, they will re* 
main in the lungs in a feparate ftate, not- 
withftanding the agitation of the thorax, 
and may be in a great meafure collected 
again. 



Experiment III. 

I filled a fmall glafs bell with quick- 
filver, and immerfed a cat in it, in the 
fame manner as in the other expcrimentst 
When the body was taken out, I found 
half an ounce of quickfilver (a) in the 
cavity 



(a) In weight, 
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cavity of the lungs> and an ounce of a frothy 
fluid (a) tinged with a red colour. 

Three more cats were immerfed in quick-^ 
filver^ in the fame manner ; and when they 
were removed, we obtained from the lungs 
of 

^ick/ilver. Frothy mucus. 

The firft, « three drachms, fix drachms : 
The fecond^ five drachms, an ounce : 
The third, ' an ounce. 

Four rabbits were drowned in quickfilver, 
in the fame manner ; and when they were 
removed, we obtained from the lungs of 

S^Uifilvtr. Frothy mucus. 

The firfV, - two drachms, fix drachms : 
The fecond, one drachm, half an ounce ; 

And from the two lafl: we got no quick- 
filver. 

Hence 

(•) By meafurc, 



Hence it is evident, that the whole 
quantity of the fluid found in the lunga 
of drowned animals is inconfiderable, and 
that it is generally compofed partly of the 
natural mucus of the lungs, and partly of 
the fluid which pafTes into them during the 
efforts to infpire. 

Since, then, the quantity of the fluid 
which enters into the lungs is fo very incon- 
fiderable, are we to fuppofe that it alone 
produces the changes which take place in 
confequence of fubmeriion ? 

If the quickGlver alone produced thefe 
changes in the animals of the laft experi- 
ment, the fame changes will be produced 
by introducing an equal quantity of any 
fluid into the lungs of a living animal, 
when it is not immcrfed in water. 



It 
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It was fhown, in the laft experiments, 
that the greateft quantity of quickfilver 
•which pafled into the lungs of the cats, 
was five drachms. Let us fuppofe a quan- 
tity equal to the whole of the mucus and 
quickfilver obtained from the lungs, paiTed- 
into them from without : if it occafioned 

the death of the animal, we fhall produce 
the fame eiFedt by introducing aa equal 
quantity of water into the lungs of a fimilar 
animal, whilfl: the refpiration is not other-^ 
wife interrupted. 



Ex PERIMENT IV. 

I confined a cat in an eredt pofture, and 
made a fmall opening in the trachea by 

■ 

cutting out one of the cartilaginous rings. 
Through this opening I introduced two 
ounces of water into the lungs. The ani- 
mal had immediately a difficulty of breath- 

C ing, 



ing, and a feeble pulfe : but thefe fymp- 
toms were foon abated; and it lived feveral 
hours afterwards without much apparent 
inconvenience. At length I 'ftrangled it, 
and found two ounces and a half of water 
in the lungs. 

I introduced two ounces of water into 
the lungs of two other cats, in the fame 
manner. The difficulty of breathing, and 
alteratioa of pulfe, were fomewhat greater 
than in the iirft experiment j but in a few 
hours thefe complaints were abated: the 
animals were then ftrangled, and four ounces 
of fluid were found in the lungs. 



Here then, although a quantity of water 
be introduced into the lungs, greater than 
the whole quantity found in them in thefe 
experiments, yet it does not produce in 
the body thofe changes that take place in 
drowning. 

It 
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It follows, therefore, that the water 
which enters into the lungs of animals in 
drowning, is not the cauie of the changes 
that take place in the body. 

From thefe experiments we dtSLW the 
following conclufions : 

i°> A fmall quantity of water commonly 
pafles into the lungs in drowning. 

2°, The water enters into the lungs du- 
ring the efforts to inlpire, and, mixing with 
the pulmonary mucus, occafions the frothy 
appearance mentioned by authors. 

3°, The whole of this fluid in the lungs 
is not iufficient to produce the changes 
that take place in drownings 

And hence it follows, Tiat the water 
produces all the changes that take place in 
drownings indirectly, by excluding the atmo^ 
fpheric air from the lungs. 

C 2 To 



To trace thefe changes to the exclufion 
of air, we muft inquire into the particular 
efFedts of the air on the lungs in refpira- 
tion, and the connexion of thefe effefts 
with the different funi5lions of the body : 
and when thefe are afcertained, it will be 
eafy to determine what changes muft lake 
place in confequence of the privation of 



The firft and moft obvious effefl: pro- 
duced in the lungs by refpiration, is an 
alteration In the volume of air they con- 
tain ; and this muft occafion a proportional 
change in the degree of their dilatation, 
and confequently in the form of the veftels 
diftributed upon them. 



We proceed to inveftigate thefe changes, 
and to trace their connexion with the other 
.fundions of the body. 

SECTION 
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SECTION III. 

To determine the mechanical EffeSts of the Air 
on the Lungs in Refpiration. 

X O obtain the obje<3: propofed in this 
Sedion, we muft firft afcertain the different 
quantities of air in expiration and in infpi- 
ration, and the proportional dilatation of 
the lungs in each of thefe ftates ; and then 
endeavour to determine the effedts of thefe 
different degrees of dilatation on the pul- 
monary veffels, and on the current of the 
blood circulating through them. 

Several writers have attempted to mea- 
fure the, quantity of air taken in by a fingle 

C 7 infpiration; 



infpiration j and fome of them have deli- 
vered eftiraates of the proportional dilata- 
tion of the lungs, both in infpiration and 
in expiration ((j). Tljefe eftimates were in 
a great mcafure adopted by a celebrated 
phyCologift ; and he deduced many confe- 
quences from them, to explain a variety of 
difeafes immediately connefted with thefe 
mechanical changes [b) : but the means 
employed to form thefe eftimates appear 
to have been infufRcient ; and the confe- 
quences deduced from them are contra- 
difled by feveral common appearances of 
the body: we fliall therefore attempt to 
meafure 



[a) Bordll At Motu Animal. Lib. ll.—Jurl,!, 
DiiTert.IV. Lib. IV.— i/^/a,Veget. Statics, Vol.11. 
—Sauvage de Refpiratione difficili.— ^ffrnoft///', Dif- 
fcrt. tie Refpiratione. 



(i) Halkr, Element. Phyfiolog, 
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meafure thefe quantities again, and to form 
our eftimate from the refult of the experi- 
ments : 

And, firil:, to meafure the quantity of air 
taken into the^ lungs after a complete ex- 
piration. 

As every animal makes a full expiration 
immediately before death, the lungs in a 
dead body are in a ftate of complete ex- 
piration : if, therefore, we can meafure the 
quantity of air in the lungs of dead bodies, 
we fliall determine the medium quantity in 
a ftate of complete expiration. Now, it is 
generally known, that the lungs, in a found 
ftate, are always contiguous to the con-r 
taining parts of the thorax; and that all 
the containing parts of the thorax, except 
the diaphragm, are fixed after death : if, 
then, we fix the diaphragm of a dead body, 

C 4 and 
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and make an opening through the 
parts into the cavity of the thorax, the 
atmofpheric air will pafs in by its own 
gravity, and, preffing upon the external 
furface of the lungs, will force them to 
coUapfe, and expel the air they contain ; 
and that part of the cavity of the thorax 
which they before occupied, will be the 
meafure of the volume of air expelled from 
them. If we now fill up this part of the 
cavity with water, it will give the quantity 
of air which was in the lungs after expira- 
tion. 

Experiment I. 

I procured a dead body of ordinary fta- 
ture, and applied a clofe comprefs upon 
the fuperior part of the abdomen, to fix 
the diaphragm in its fituation : then I made 
a fmall opening into the cavity of the thorax 
on each fide, and upon the moft elevated 
part. 
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• part. The lungs immediately collapfed ; 
and confequently the air which thqy con- 
tained was expelled. Water was next in- 
troduced at thefe openings, till the cavity 
was filled ; and the contents of the water 
were 272 cubic inches. 

The lungs of this body contained there- 
fore 272 cubic inches of air in a flate of 
complete expiration. 

The fame experiment was repeated oa 
two other bodies, nearly in the fame cir- 
cumftances ; and the lungs of the firft, in 
a ftate of complete expiration, contained 
250 cubic inches of air, and the lungs of 
the fecond 262 cubic inches. 



The fubjeds of thefe experiments died 
from hanging ; and I was not aware that 
there could be any objection to the experi- 
ment 



ment on that account : but it afterwards 
occurred to me, that their lungs were not 
in a ilate of expiration j becaufe perfons 
under the influence of fear often make a 
deep infpiration, before the cord is palTed 
round the trachea ; and the preffure of the 
cord becomes immediately fo tight, that 
they are not able to expel the air again. 



On this account I repeated the experi- 
ment on feveral adult fubjeds, who died a 
natural death. In fome of them the lungs 
adhered to the fides of the thorax, and did 
not collapfe completely, when the openings 
were made ; but In four of them the lungs 
appeared to collapfe properly ; and we had 
the following refults : 



Tlie lungs of the firft contained 120 cubic ii 

the fecond 102 

the third go 

tlie fourth 125 



ches. 



Thefe 
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Thefe experiments are fufficient to fliow, 
that the lungs contain a confiderable quan- 
tity of air, even after complete expiration : 
but this quantity muft vary in different 
fubjefls in proportion to the capacity of 
the thorax ; it is therefore extremely diffi- 
cult to eftablifh a medium. However, to 
purfue this inquiry, we fliall for the prefent 
adopt the medium quantity of thefe latter 
experiments, and fay that the lungs of the 
human fubjedt contain 109 cubic inches of 
air after complete expiration. 

We next proceed to meafure the quan- 
tity of air taken into the lungs at an ordi- 
nary infpiration. 

This may be done by breathing from a 
veffel which has only two tubular openings, 
one to be applied to the mouth, whilft the 
other is immerfed in water. If we infpire 

from 



y 
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from the veiTel, under thefe circumftances, ' 
a quantity of water will enter it, equal 
in volume to the quantity of air infpired 
from it. 




On this principle we contrived the ma- 
chine ABCDE. The vsflcl D contains 
feveral hundred cubic inches of air. This 
veffel (which for the fake of diftinftion I 
call pneumatic) fufpended ia the balance 
A B, and brought to an equilibrium with 
the fcale C ; and the tube ab c being im- I 
raerfed in water in the vefTel G j if a per- ' 
fon infpires from the tube E, a volume of 
water will enter the pneumatic veffel through 
the tube ab c^ equal to the volume of air 
infpired from it by the tube E. The fcale 
will determifie Uie weight of the water 
the pneumatic veffel ; and this, by cal- 
ulation, will give the number of cubic 
inches of water which Qrtteced tiie machine 



A 
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at a lingle infpiration, and the number of 
cubic inches of water will give the number 
of cubic inches of air. 



Experiment II. 

An adult perfon of ordinary flatiire In- 
ipired twice from the machine ; imitating, ^ 
as nearly as he could, an ordinary infpira* 
tion. 

In the firft he took in 3 cubic inches of airj 
In the fecond 24. cubic inches. 

Another perfon, of nearly the fame fta- 
ture, infpired twice : 

In the firft he took in 34- cubic inches of air 5 
In the fecond 2| cubic inches. 

In thefe experiments there is a difference 
in the quantity of air taken into the lungs 
at a fingle infpiration, which we fiifpedted 

might 
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might arife from the attention of the mind 
in this new fituation of breathing. To 
avoid this fource of error, as much as pof- 
iible, we determined that the fame perfon 
fliould infpire regularly from the pneumatic 
veiTel for a minute or two, and expire 
alternately into the atmofphere, numerating 
all the infpirations ; and that we fhould 
tiien meafure the water which pafled into 
the veiTel during that time, and calculate 
the average quantity for each infpiration. 

Experiment III. 



The two perfons employed in the laft 
experiment infpired from the pneumatic 
veflel thirty times fucceffivcly, in the man-* 
ner juft defcribed ; and the average quantity 
of air taken in at a fingle infpiration, by 
the firft perfon, was 2^ cubic inches j 
By the fecond, 34., 

It 
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It appears, then, that the quantity of air 
taken into the lungs at a fingle infpiration 
is very inconfiderable, when compared with 
what they contain after a complete expira- 
tion. This extraordinary difference was 
remarked with furprife by feveral judicious 
friends ; and they expreifed their fears that 
I might have been deceived. In confc- 
quence of this, we repeated the fecond ex- 
periment again, with ftill more, attention, , 
and on a greater variety of fubjefts; and 
in all of them the average quantity of each 
infpiration was nearly the fame as in the 
preceding : but in the third experiment an 
anxiety was felt in the breaft, before the 
limited number of infpirations was finifhed; 
and when the mouth was withdrawn from 
the tube, we obferved that it was neceflary 
to make a deep infpiration* Thefe two cir- 
cumftances feemed to (how, that the quan- 
tity of air taken into the lungs from the 

machine 
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machine had not been fufficient for the 
purpofes of refplration ; and this deficiency 
in quantity mult bs attributed to feme par- 
ticular circumftances of the experiment. 

In all thefe experiments we attended to 
the effort made by the organs of refpiration 
when the ordinary quantity of air is taken 
in from the atmofphere j and we confidered 
the force of this effort as the meafure of an 
ordinary infpiration (a), and endeavoured to 
copy it exadlly when we infpired from the 
machine : but we find that this is not fuf- 
ficient; becaufe the water muft rife into 
the 



(a) Every one knows, that there js a confiderable 
difference in the quantity of air taken into the lungs 
at an ordinary, and at a full infpiration : if a perfoa 
expires carefully, and then makes a full infpiration, 
he will frccjuenily take into his lungs upwards of 
200 cubic inches of air at a linglc effort. 
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the pneumatic vcffel contrary to its own 
gravity 3 and in order to overcome this ad- 
ditional refiftance, it will be neceflary that 
the effort to infpire from the machine be 
greater than the ordinary effort in the atmo- 
fphere. And this has been the fource of 
the miftake. 



Since, then, the effort in the atmofphere 
is not the meafure of a natural infpiration. 
from the machine, we muft have recourfe 
to the fenfation in the lungs. If we in- 
fpire from the pneumatic vefTel feveral times 
fucceflively, as in the laft experiniient, and 
take in as much air at each time as to leave 
no uneafinefs in the lungs during the infpi- 
rations, nor any want of a greater quantity 
when the mouth is removed, we may con- 
clude that the lungs have received as much 

air at each infpiration as is required for the 
purpofes of refpiration. 

D ExPE- 



Experiment IV. 

Three perfons of ordinary flature infpired 
from the pneumatic velTel thirty times fuc- 
ceflively, and took in as much air at each 
time as the fenfations in the breaft feemed 
to require. The average quantity of air 
taken into the lungs at a fingle infpiration 
by the firft, was — 1 2 cubic inches j 

By the fecond — 1 4 cubic inches ; 

By the third — 11. 

Hence It appears, that the quantity of 
air required for a fingle infpiration is greater 
than could be expected from the preceding 
experiments : but this alfo varies a little in 
different perfons ; and it is equally difficult 
to eftablifli a medium for infpiration, as for 
expiration. We fliall however take the 
fliedium quantity here at 12 cubic indies. 

But 



J 
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But the air which palTes from the pneu* 
matic veflel into the lungs, goes from a cool 
to a warmer temperature ; it mufl therefore 

undergo a degree of expanfion as foon as it 
gets into the lungs, and confequently occupy 
a greater fpace than before. This degree of 
expanfion may be meafured, by inclofing a 
given quantity of atmofpheric air in a glafs 
receiver, difpoled in fuch a manner as to 
indicate the alteration of temperature, and 
the proportional expanfion, at the fame 
time. 

Experiment V. 

I provided a cylindrical glafs receiver, 
with a thermometer fufpended in the mid^ 
die j I meafured the quantity of water the 
receiver contained^ and divided the whole 
capacity into feveral hundred parts, which 
were diftinguifhed by correfponding marks 
on the outfide ; then I inverted it in water, 

D 2 an4 
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and introduced into it an hundred parts of 
atmofpheric air at 69" of Fahrenheit, and 
applied heat to it gradually by means of 
warm water, until the thermometer in the 
infide was raifed to 98'' : the voUime of the 
whole was then increafed 4^th. In feveral 
fucceflive repetitions the proportional ex- 
panfion was nearly the fame. 




If, then, we allow 12 cuhic inches for a 
fingle infpiration, they will be increafed to 1 4 
cubic inches when they get into the lungs ; 
therefore the volume of air before in the 
lungs receives an addition of 14 cubic 
inches by an ordinary infpiration. But the 
volume of air in the lungs, before an infpi- 
ration, was 109 cubic inches ; hence it will 
be increafed to 123 cubic inches; and the 
diflention of the lungs mull be changed in 
the fame proportion : therefore the dilata- 
tion 
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tion of the lungs after expiration is to their 
dilatation after infpiration as 109 to 123 {a). 

We next inquire into the effects of thefe 
diiFerent degrees of dilatation on the pul- 
monary veffels, and on the current^ of the 
blood circulating through them* 

Haller aflerts, that the pulmonary veflels 
are very much changed in the different 
ftates of refpiration ; that they are confide- 
rably lengthened by infpiration, and their 
angles and diameters fo difpofed, as beft to 
favour the circulation of the blood; but 
that they are greatly fhortened by expira- 
tion, and their angles and diameters fo " 
* much altered, as to produce a complete 

D 3 obftruc- 



(a) That is, as 4,7769 is to 4,9732; the difFer- 
encc being only 9I963; which is not even two tentha 
of an inch« 
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obftrudlon to the palTage of the blood 
through them. 



" In infpiratione," f^ys he, " pulmo qui 
** nunqnam pleuram deferit, per eosdem 
** paffus quibus pedus dilatatur, et ipfe in 
•' utroque diametio latior nunc fit, et in 
" fpatium majus, fed fui ilmile augetur. 
*' Idaugmentum varie eftimatum eft; quin- 
*' tuplo per infpirationein, pulmonem am- 
*' pliorem fieri clarilT. Sauvages conjecit, 
** et inde decuplo. 



*' Vafa ergo fanguinea 'omnis generis cum 
' adtenfis bronchiis neceffario extenduntur, 
' et flexiones alternze in quas ea vafa in fe- 

* jpfa retradta, in ftatu puhnonis minimo 

* fe reciperant, em nunc in redtitudinem 

' exporriguntur ; Porro qure fibi in- 

' cuinbebant proxima, ea a mutuo con- 
' taiftu difcedunt, et anguli inter divifiones 

" vaforum 
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** vaforum majores fiunt, fpatiaque adeo vi- 

** cini^ vafis ,interponuntur. Hinc in 

*^ infpiratione fumma facilitas nafcitur fan- 

^* guini de corde dextro exeunti. In 

^^ expiratione vero pulmo undiquc urgetur, 
*^ et in multo minorem molem compri- 
*' mitur : vafa ergo fanguinea breviora 
** quidem fiunt cum retra(3:is bronchiis, 
** eademq; anguftiora nunc funt, fiqui- 
** dem pedtus fecundum trcs fuas dimen- 

** fiones ardlatur. Sanguis ergo quidem 

^* in pulmones undique comprimitur; et 
*' venofus aequa vi preflus, partim verfus 
** arteriofum quidem reprimitur, eumque 
** moratur aliquantum, partim verfus cor 

** liniftrum prompvetur. ^-Quare in ex- 

^^ piratione quam ponimus ftabilem fuper- 
** eile, pulmonis pro fanguine immeabilitas 
^^ oritur, quam neque abfque palpitatione, 
*^ et vitiofo conatu, demum omnino ullis 
*^ Aiis viribus cor vincere queat/' 

Lib.VIIL Sea. 4.. 
D 4 But 
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But it appears, from thefe experiments, 
that the difference in the two ftates of re- 
fpiration is much lefs than Haller has repre- 
fented ; the changes produced^ on the pul- 
monary veffels muft confequently be fo 
likewife : the inferences he has drawn re- 
fpefting the circulation of the pulmonary 
blood are therefore erroneous. 

If we fuppofe the lungs dilated with the 
ordinary quantity of air in expiration (109 
cubic inches), and then fuppofe 14 cubic 
inches more to be added, the dilatation of 
the lungs will be incieafed ; but the increafe 
will be uniform, and only in the proportion 
of 123 to 109; the pulmonary veffels will 
be alfo extended uniformly in all direc- 
tions (a), and their extenfion will be in the 
fame 



(a) To fuppofe, with Haller, that the niiglcs of 
thcfe vefTels are changed, alihough the form of the 
longs continues the fame, is contrary to oiiC of the 
fundamental principles of geometry. 
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fame ratio: fince then there is no other 
change produced on the pulmonary vefleU 
by refpiration, but a difitrence in the de- 
gree of extenfion, and fince this is fo fmall, 
the alteration in the fum of their diameters 
muft be equally fo ; and if the blood cir- 
culates through them in one ftate, it muft 
alfo in the other: and hence it follows, 
that the blood circulates through the pul- 
monary vcfTels in all the degrees of natural 
refpiration* 

V 

But, notwithftanding this conclufion, it 
may be flill fufpedted that the pulmonary 
blood does not circulate with proper free- 
dom in all the different flates of refpira- 
• tion; that, in the ftate of expiration, the 
current may be fo much retarded, as to 
occafion an accumulation in the veflels of 
the right fide of the heart, fufficient to bring 
on an interruption or fufpenfion of fome of 

the 
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the other funftions. If it be Co, the fame 
efFeifls will be produced by introducing a 
quantity of any fluid into the cavity of the 
thorax, to force the lungs to collapfe, and 
expel fo much air as will reduce their 
Volume much below the degree of ordinary 
expiration. This experiment is frequently- 
made in the human body by difeafe : a 
quantity of watery fluid gets into the cavity 
of the thorax between the containing parts 
and the lungs, occupying a very confi'- 
derable fpace, and reducing their volume 
much below the dilatation of ordinary ex- 
piration ; and ftill there is no fufpenfion of 
any of the other functions. Many exam- 
ples of this difeafe hj.ve been recorded by 
different writers, where the fluid was taken 
avray feveral times from the cavity of the 
thorax, during the life of the patient : and 
there is one in the Memoirs of the Academy 
of Surgery, where the Author expreifes 
much 
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jsnuch furprife that the blood could circu- 
late through the lungs, while fuch a quan- 
tity of fluid w^s confined in the thorax. 

** Apres les fympt6mes ordinaires/' fays 
the Author, ** les ehirurgiens proaen^oient, 
^* que c'etoit un hydrothorax, & decim^nt 
f* fur Toperation. 

*' Le malade etoit done aflis dans fon lit, 
** le corps pfenche en avant, et foutenu par 
*^ plufieurs afliftans. Je lui fit la pondiion 
** avec un trois-quart ordinaire. Xe poin- 
'* fon etant tire, Teau fortit par la canule a 
"^^ plein jet, et par des fecoufles qui repon- 
*' doient aux mouvemens de la refpiration. 
*' II en fortit pres de fix pintes* d'une fluide. 
** Bientot apres, fon pouls fe ranimoit. — 
** Sept jours apres, raccumulation fe faifoit 

** encore ; 

(/?)_De France, ;'• $. 288 cubic inches. 
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. " encore; & je tirai par la meme operation- 
** encore cinque pintes." 

" Dans ces cas, le poumon, fort ^carte 
** des parois de la poitrine, doit etre pelo- 
" tonne vers le centre, & redult a un fort 
" petit volume, & fes velicules tres-retre- 

" cies. C'eft affez pour expliquer la 

" difficulte de la rei'piration. 

" J'ai obferve que toutes les fois qu'on 
" iniinuoit la fonde de poitrine dans la ca- 
" pacite, on I'introduifoit a la longueur de 
*' quatre ou cinq ponces, fans toucher ni 
•* rencontrer aucune partie interieurej & 
•* c'eft une chofe qui m'etonnolt toujours !" 

CTom. II. p. 546. 
mc 
cia 
wa 



I have frequently made a fimilar experi- 
ment on feveral dogs, producing an artifi- 
cial hydrothorax by introducing as much 
water through an oblique opening of the 
inter CO ftal 
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intercoftal mufcles into the thorax, as nearly 
filled one third of the whole cavity, clofing 
the orifice afterwards. In all of them it 
brought on a confiderable difficulty of 
breathing, but no other apparent incon- 
venience. 



In thefe examples the volume of the 
lungs muft have been confiderably reduced, 
and the greateft quantity of air they were 
capable of containing much lefs than the 
ordinary quantity in an healthy expiration ; 
and ftill the blood continued to circulate 
through the pulmonary vefTels in fufficient 
quantity to keep up the aftion of the left 
ventricle of .the heart, and the other func- 
tions of the body. 

If, therefore, the blood circulates through 
the pulmonary vefTels with this freedom when 
the volume of the lungs is fo much dimi- 
nished, it muft certainly circulate through 

them 
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them with equal eafe in expiration wheri 
the volume of the lungs is much greater ; 
hence it follows, that the blood circulates 
through the lungs in expiration with fuffi- 
cient freedom to keep up the health of the 
fyftem. 

From all thefe experiments we draw the 
following conclulions : 

1°,. The lungs contain 109 cubic inched 
of air after a complete expiration ; and this 

quantity receives an addition of 14 cubic 
inches by infpiration. 

2', The dilatation of the lungs after ex-^ 
piration is to their dilatation after infpira* 
tion as 109 to 123. 

3^', The blood circulates through the 
pulmonary veiTels in all the degrees of 
natural refpiration. 

4% The 
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4°, The circulation through them after 
expifation is fufficiently free to keep up the 
health of the fyftfem. 

And hence it follows, that the dilatation 
of the lungs is not the final caufe of rej^ira-^ 
tion. 

Another effedt produced in the lungs by 
refpiration, is a change in the chymical 
qualities of the air they contain. ,We pro- 
ceed to inquire into the particular . nature of 
this change, and its connexion with the 
other functions of the body. 



SECTION 




SECTION IV. 



To determine the Chymical EffeSis of the Air 
on the Lungs in Kejpiration^ 

J.T has been long fufpedled by philofbphers 
of the firft charadter (a), that the air 
which we breathe undergoes fome chymi- 
cal changes in the lungs ; and various con- 
je(3iires have been propofed concerning 
them, by different writers, at different 
times i but nothing more could be ex- 
peded from the moft penetrating mind, 
until chymiftry put on the form of a fci- 
ence : from that period the clouds of hypo- 
thefis have been difpelled, and the dawn 
of truth begins to appear. We fhall not 
enter 

{a) Ariftotle, Sir Ifaac Newton, &:c. 
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fenter into a detail of thefe difFerent conjee- 
tures, nor of the progreflive difcovery of 
the fadls connedled with the fubjeft; but 
rather endeavour to defcribe the conftituent 
parts of atmofpherie air, as far as thejt 
are now known, and then inveftigate the 
particular changes they undergo by reipira- 
iion. 

When atmofpherie air is arialyfed with 
the ordinary chymical tefts, it is found to 
be compbfed of phlogifticated air,^ dephlo- 
gifticated air, and fixed air. If any given 
quantity of atmofpherie air (fuppofe lOO' 
f)arts) be aqcurately analyfed in this man- 
ner, it is generally found to contain nearly 
two thirds of phlogifticated air, owt third 
of dcphlogifticated air, and a i^ery fmall 
quantity of fixed air : but the proportions 
of thefe airs are generally different in diffe- 
rent parts of the atmofphere, and fometimes 
no fixed air can be founds 
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If loo parts of analyfed atmofpheric air 
be infpired, and expired again into a re- 
ceiver, ic is found to have undergone a 
change in the proportion of its conftituent 
- parts : the quantity of dephlogifticated air 
is diminiflied, the quantity of fixed air in- 
creafed, and the phlogifticated air remains 
the fame. 

A celebrated chymift has propofed to 
afcertain the changes (a) which thefe airs 
undergo by a fingle refpiration(^) : but the 
refults of fuch experiments are fubject to 
fome variations from the flate of the body, 
and from the duration of the refpiration. 
Notwithllanding thefe difficulties, I made 
feveral experiments on myfelf, to afcertain 
the particular degree of thefe changes j and 
although there was always a little difference 



(.;) Monf. L:ivoificr. 

(i) One infpiration and one cxpirai 
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in the refults, yet by frequent repetition 

V 

they became inconfiderable. 



Firft, I afcertained the proportion of 
thefc airs in i i cubic inches of atmofpheric 
air; themJ Aia^ an equal volume of 
the fame aifj^ p^iiiig it into a glafs receiver, 
and analyfed thefwhole quantity. This was 
repeated feveral times, and the medium 
quantity was as follows : 



The volume of air 
taken into the lungs 
at a fingle infpiration 
contained. 

Parts 
Phlogifticated air 80 
D^phlogifticated air 18 
Fixed air - - - 2 



100 



The volume of air 
expelled from the 
lungs by the next fuc- 
ceeding expiration 
contained (^), 

Parts. 
Phlogifticated air 80 
Dephlogifticated air 5 
Fixed air - - - 13 

"98 



(fl) In all thefc attempts I endeavoured to imitatd 
ffie natural expirations ; but the volume of air ex- 

E ^ pcllcd 
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It appears, then, that the diminution of 
dephlogifticated air, and the increafe of 
fixed air, in a Jingle refpiration, is con- 
fiderable. 

Let us next inquire if this diminution of 
the one, and increafe of the other, be uni- 
form and conftant in the fame volume of 
air feveral times refpired : and, firft, the 
diminution of the dephlogifticated air. 

This may be done by breathing a quan- 
tity of air feveral times from a gkfs receiver 
inverted in water, and by mixing a fmall 
quantity of this air, after every expiration, 
with an equal quantity of nitrous air in the 
eudeometer of Fontana : the quantity of 
dephlo- 



pelled from the lungs was never crjual to the volume 
of air taken in; fomecimes there was a diminution 
pf T5j ^n^ fomctimes -g's. This diminution wa^ 
obferved long ago by Boyle and Muilenbroek. 



J 
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4eph|ogifticated air will then be indicated 
by the diminutipn of volume in the cudeo- 
meter. 

I pafled 1 2 cubic inches of atmofph<^jric 
air into a glafs receiver inverted in, vrater, 
and put a ineafure of it into the eudeo- 
meter, and it occupied i oo parts ; then I 
added an equal meafurc of nitrous air, and 
the whole volunjig of 200 parts was 
diminifhed to -— — — 14^ 

Then I infpired the whole of the 
-volume from the receiver, and 
expired it in the ufual time; 
and on trying an equal portion of 
it in the eudeometer, the 200 
parts were diminifhed to .— 158 

After the fecond expiration they 

were diminifhed to — — 163 
After the third, to — — 167 

After the fourth, to r— — 170 
After the fifth, to — — 171 

E 3 Wc 




We might alfo determine whether the'^ 
addition of fixed air be , conftant ^nd uni- 
form in feveral fucceflive refpirations, by 
breathing a given volume of air in the fame 
manner from an inverted receiver, and 
pafling a fmall quantity of it through Ume- 
water after every expiration : but this vi^ould 
require great labour and minute attention j 
and iince we know the quantity of fixed air 
added by a fingle expiration, it is eafy to 
determine whether there be any additions 
made to it afterward, by breathing the fame 
air feveral times, and, after the laft expira- 
tion, examining it with lime-water, and 
comparing the whole quantity of fixed air 
with the known quantity of a fmgle refpi- 
ration. 



I inclofed 12 cubic inches of air in an 
inverted receiver, and breathed it through 
a glafs tube fix times in fucceffion : on be- 
ing examined with lime-water after the laft 
expiration 



J 



expiration it contained 15 parts of fixed 
air. The fame experiment was repeated, 
and the quantity of fixed air was 1 3 parts. 

The diminution of dephlogifticated air, 
and the increafe of fixed air, is therefore 
conftant and fucceflive in the fame quantity 
of air frequently refpired : but the changes 
in the fucceflive refpirations bear no pro- 
portion to the changes in the firft. Since, 
however, thefe changes are conftant and 
uniform, they muft be conne<3:ed with fome 
corrpfponding changes in the lungs equally 
conftant and uniform ; and there is no fub- 
ftance in the lungs where we can expeft to 
find fuch correfponding changes, except the 
blood which circulates through them. 

Lower obferved long ago in living ani- 
mals, that the blood from a wound in the 
trunk of the pulmonary vein was florid; 

. £ 4 and 
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and knowing before that the blood entering 
into the lungs by the pulmonary artery ig 
black, he concluded that it acquired this 
florid colour by paffing through the lungs ; 
and finding afterwards that, when the ani- 
mal ceafed to breathe, the blood from the 
wound in the pulmonary vein was black, 
he attributed the florid colour to the adtion 
of the air in refpiration [a). This opinion 
has been mentioned frequently fince by dif- 
ferent authors, and feems now to be gene-, 
rally believed. 

To examine the fa6t with particular at-, 
fention, I procured feveral large dogs, re- 
moved the fternum, and exppfed the trunks 
pf the pulmonary veins and arteries fo as to 
pllow me to diftinguifh accurately the colour 
of 



^u) Traflatus de Corde, p. 185, 
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of the blood paffing through them. Then 
I inflated the lungs with a pair of bellow? 
(after the defcription of (^2) Vefalius), imi^ 
tating the natural refpiration, and kept the 
animal alive by this procefs for a confiderable 
length of time. In thefe experiments it 
was obferved, that, during the inflation, the 
blood in the trunks of the pulmonary artery 
was black, but in the trunks of the pulmo- 
nary veins it was florid : and when the in- 
flation was intermitted for a minute, the 
blood in the trunks of the pulmonary vein 
became gradually black, like that in the 
arteries. 

In fpme of thefe animals I divided the 
trunks of the humoral artery and vein j and 
during the inflation the blood /rom the 

artery 

' {a) Vefalius de Corporis Humani Fabrica, Lib* 
yi. Cap. xix. p. 572. 



artery was florid j but, on intermitting the 
inflation, it became gradually black, like 
the blood from the vein. 

I alfo examined thefe appearances in the 
toad and the lizard, whofe lungs confiil of 
only a traniparent bladder, with blood vef- 
feJs fo thin that the colour of the circu- 
lating blood may be eaflly diftinguiJhed 
through them. 

I inflated the lungs of thefe animals feve- 
ral times, and emptied them again by gen- 
tle preflure, imitating by this method the 
refpiration of the more perfedt animals j 
and in all the examples, when the atmo- 
fpheric air pafled into the lungs, the blood 
in the pulmonary veflels became gradually 
dorid J but when they were emptied, it 
became gradually black : to this may be 
added the familiar circumftance in blood- 
letting. 



J 
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letting, the dark-coloured blood becoming 
florid after expofure to the air. 

All thefe fadls feem to confirm the opi- 
nion of Lower, that the blood acquires a 
florid colour in paffing through the lungs j 
and that this colour is produced by the chy- 
mical adion of the air. 

We next inquire by what part of the 
refpired air this change of colour is pro- 
duced, and what particular chymical pro- 
cefs takes place at the time. 

Docs it arife from the addition of fixed 
air feparated from the blood in paffing 
through the lungs, or from the chymical 
action of the phlogifticated or the dephlo- 
gifticated air ? 

If the florid colour arifes from the fepa^ 
ration of fixed air in its entire fl:ate from 

the 



the blood, then florid blood expofed t'o a 
volume' of fixed air_in a clofe velTel muft 
become black alfo. 

I introdQced four ounces of florid blood, 
frefh drawn, into a glafs receiver containing 
fixed air, and I coniiTied it there a con- 
fide/able time ; but it did not become 
black, nor undergo any fenfible change. 
I then received fome florid blood from the 
carotid artery of a £heep into a phial filled 
with fixed air J but fi:ill the florid colour 
Tvas not altered : therefore the change of 
colour in refpiration does not arife from the 
feparation of fixed air in its entire ftatp 
from the blood. 



Nor can it be attributed to the chymical 
adlion of the phlogifticated airj for it is 
generally known, that black blood, frefh 
drawn, expofed to phlogifl:icated air in a 
clofe veflel, undergoes no change of colour. 
But 
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But It has been often aflerted, that black 
blood frefh drawn, and expofed* to dephlo- 
gifticated air, becomes florid. 

To ajfcertain the truth of this alTertion, 
1 inclofed a quantity of dcphlogifticated air 
in a glafs receiver inverted in quickfilver, 
and introduced into it four ounces of blood 
frefh drawn from the jugular vein of a 
fhecp : the blood became inftantly very flo- 
rid, and the quickfilver feemed to afcend a 
little in the receiver. To afcef tain this lat- 
ter circumfl:ancc, I repeated the experin^ent 
three or four times : the change of colour 
was always very fudden, and after feveral 
minutes the quickfilver afccnded two or 
three lines. It is evident, then, that de- 
phlogifticated air changes the colour of 
black, blood, and a fmall portion of the air 
difappears in the procefs : but, as the changes 
in thefe experiments are fimilar to thofe in 

refpiration. 
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refpiratlon, it might be ioferred, that de- 
phlogifticated air produces the florid colour 
in both examples. 

To fatisfy myfelf of this, I inflated the 
lungs of fcveral kittens with dephlogiiii- 
cated air, after the Jlernum was removed ; 
and the blood in all the pulmonary veins 
became immediately very florid. 

Hence it is evident, that the florid co- 
lour acquired by the blood in refpiration 
is produced by dephlogifliicated air. But 
it may be aflced, by what means the air 
is applied to the blood in refpiration ? 
whether by means of the abforbents, or 
by the force of chymical attradtion ? 

If it were taken in by the abforbents, it 
muft pafs diredtly to the right fide of the 
heart, and change the colour of the blood 
there i which does not happen. 

It 
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It has been fhewn by Dr. Prieftley, that 
atmofpheric air will change the colour of 
blood through the coats of a bladder ; but 
there are no dired proofs that it will pro- 
duce the fame effedt through the coats of 
the veflels in a living animal. 

To determine this, I diiTedled the cellu- 
lar membrane from the fmall veins in the 
neck of feveral rabbits, and confined the 
blood in them by ligatures; then I con- 
duced a fmall ftream of dephlogifticated 
air to the coats of the vefTels : in fome of 
them the blood became a little florid ; but 
in others there was no diftindt change, 
although the flream of air was condudled 
for two minutes. 

. In thefe inftances, however, where it took 
place, fome thing muft have pervaded the 
coats of the veflels; and this makes it 

highly 



highly probable, that, when the dephlogi- 
fticated air produces the change of colour 
in the blood, fomething pervades the coats 
of the pulmonary veflels by the force of 
chymical attraftion. 

But what it is that pervades the veflels, 
is not yet known : whether fonic principle 
Separated from the blood be combined with 
the dephlogiilicated air, to form fixed air ; 
or whether the dephlogiftlcated air be de- 
compofed, and apart of it pafles into the 
blood, while the other part remains be- 
hind in the form of fixed airj or, laftly, 
whether the dephlogiftlcated air enters into 
the blood in its entire ftate, v/hilft the fixed 
air is feparated from the velTels. 



The greater number of fafts in chymiftry 

feem to favour the firft fuppofition ; but 

yet they only make it probable j and more 

than 
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thaa probability cannot be expcifbd, until 
the nature of thefe airs be better under-* 
flood. 



But, whatever folution future experiments . 
may furnilh, this general fadt will remain 
Unaltered ; viz. That the change of colour 
which the blood undergoes in paffirig 
through the lungs, is occafioned by the 
chymical adtion of the dephlogifticated air 
of the atmofphere; and that, in confequencc 
of this, fixed air is received. 

To proceed in the inquiry, we endeavour 
to trace the connexion of this change in the' 
pulmonary blood with the other fundlioftS 
of the body. 

It i§ generally known, that when an ani- 
inal breathes the fame air feveral times, his 

pulfe becomes flower, till at length it ceafes, 

F and 



and all the other fLinfllons are fufpended ; 
and it is alfo known, that when refpira- 
tion is obftruded, fymptoms very fimilar 
are produced. How are thefe fadls con- 
neded together ? 

It has been fhown already, that, whei 
the fame air is breathed feveral times, or 
when it is retained in the lungs longer than 
ufual, there is a gradual diminution of de- 
j^hlogifticated air, and an increafe of fixed 
air. Thefe fymptoms then muft arife from 
one of thefe circumftances ; either from the 
noxious quality of the additional fixed air, 
or from the want of the falutary quality of 
the abfent dephlogifticated air ; but the 
additional fixed air exerts no noxious quality 
in the lungs ; becaufe it may be breathed 
in a much greater quantity without any 
inconvenience when mixed with atmofphe- 
ric air : they muft then be attributed to the 
gradual 
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Igradual diminution of the dephlogiftlcated 
air. 



When the dephlogifticated air is thus 
diminifhed, the ordinary change of colour 
which the blood undergoes in the lungs 
will be alfb diminiftied, till at length it 
will pafs through the pulmonary veins with 
the fame black colour as when it entered 
into the arteries. 



This has been already iii a great meafure 
demonftrated in the examples of artificial 
inflation ; and it may be feen ftill better in 
the toad and the lizard, where the lungs 
may be expofed a long time without de-t 

ftroying the life of the animal • 

I forced a confiderable quantity of air 
into the lungs of a fmall dog, whofe fternum 
had been removed, and confined it there 
by a tight ligature round the trachea : the 

F 2 blood 
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blood, continuing to circulate through the 
lungs in this ftate, began immediately to 
put on a fhade of brown in the trunks of 
the pulmonary veins ; and in lefs than two 
minutes it became very black. 

With the fame view I provided a large 
load, and expofed his lungs on both fides j 
"and while they were filled with air, I im- 
merfed him in a Imall glafs receiver con- 
taining water. When he was firft put into 
the water, the blood circulating through 
his lungs was florid : when he had conti- 
nued in the water twenty minutes, the 
lungs flill filled with air, the blood in all 
the pulmonary vefiels became gradually 
dark-coloured, till at length it was black. 
This was repeated leveral times with the 
fame animal, and once or twice alfo with 
lizards; and in all the inftances where they 
retained the air in their lungs a long time 
after 
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after immerfion, the puln^onary blood be-- 
jcame gradually black. 

It follows, therefore, that when the de- 
phlogifticated air is gradually diminiflied, 
the blood paffing through the veflels of the 
lungs does not undergo the changes of co- 
lour which take place in ordinary refpira- 
tion ; and that the fymptoms which follow 
obftruded refpiration muft be attributed to 
this particular quality of the blood. But 
by what means it prpdijces thefe iyniptoms, 
we next inquire^ 

The firft fappofition is, that it exerts 
)[bme noxious quality on the nerves of the 
lungs, which is conimijnicated by them to 
the brain* 

If it operates in this manner, the.famc 
iymptoms will not be produced by ob- 

F 3 ftruacd^ 



flruifted refpiration, when the nerves diftri- 
buted on the lungs are fo divided that their 
communication with the brain is inter- 
cepted. 



To afcertain this, I provided a.fmall dog, 
and divided the trunks of the par vagum 
and great intercoftal nerves on each fide of 
the neck about an inch below the larynx : 
the fkin was then fewed up, and the animal 
appeared to fufFer no other inconvenience 
than a laborious refpiration. The next day 
I put him under a glafs bell inverted, and 
filled with atmofpheric air. When he had 
continued there feveral minutes, the refpi- 
ration became difficult; and foon after he 
fell down without any fign of life. I di- 
vided the nerves of another dog in the fame 
manner j and the day following I pafled a 
ligature round the trachea, and obflrudled 
the refpiration : foon afterward he fell 
down without any fign of life. 



J 
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It appears, then, that the black blood 
produces the fame fymptoms when the 
nerves of the lungs have no immediate 

communication with the brain ; and hence, 
in the cafes of obftrudted refpiration, it can 
exert no fuch noxious quality on the brain 
by the mediation of the nerves, 

r 

From the lungs this black blood pafles 
immediately into the finus venofus and left 
auricle of the heart. What changes does 
it produce there ? 

The only fenfible change it can produce 
in the heart, is in its contradtions ; and 
thefe may be eafily obferved by inflating the 
lungs, when the ftcrnum is removed, and 
the pericardium opened in fuch a manner 
that the motions of the auricles and ventri-- 
cles may be diftindtly perceived, 

F 4 I made 
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I made thefe experiments with aU the 
circumftances here mentioned; and in the 
procers of inflation I attended carefully to 
the changes in the colour of tlie blood, and 
in the correfponding contradtions in the left 
auricle and ventricle of the heart; and in 
all the examples, I obferved that when the 
blood which pafTed into the left auricle was 
florid, the auricle and ventricle contra<5ted 
ftrongly, and the circulation went on as in 
health; but when the. blood began to put 
on a fhada gf brown, the contraftions were 
diminifliedj and when it was black, thq 
contraiSions ceafed, although the auricle 
was diftended with blood; and as the con- 
tradtions ceafed, the funiSions of the body 
Vv-ere fufpended ; but as foon as the florid 
colour began to be reftored, the auricle and 
ventricle refumed their contradtions, and 
they graJiully recovered their natural ftate j 
and all the other fuiidlions returned. 
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In thcfe examples the contradions of the 
left auricle and ventricle are immediately 
^ffcdted by the quality of the blood (tf) pafs- 
ing into them; for when they ceafe, the 
auricle is filled with black blood : but not- 
withftanding thefe fads, to fuch as have 

particular 



(a) This explanation has been objefted to,by fome 
fcrfonsy on very refpeftable authority. It has been 
faid that the heart refumes its contraftions at the 
jirft inflation ; and, as the blood in its cavity cannot 
J>c fuppofed to be changed fp foon, the renewal of 
the natural contraftions muft arife from fome other 
caufc. But thefe two circumftances are only affer- 
tionS) which have not yet been demonftrated. Be- 
fides, fome contjraftile motion may be produced in 
the heart by the agitation it fufFers from the firft , 
diftention of the lungs, in the fame manner as feeble 
iContraftions are produced in the hearts of amphi- 
bious animals out of the body by agitation, or gen- 
tle compreffion; but thefe motions are not fo ftrong 
as the natural contraftions, and they ought to be 
/carefully diftlnguiihed from them. 



particular opinions about the manner in 
which the blood ads upon the heart, it 
may not appear clear that thefe alterations 
in the contractions arofe from the quality 
of the blood alone. This difficulty, how- 
ever, may be removed by attending to fimilar 
experiments in the amphibious animals (a), 
where 



(a) Some rcfpcflablc writers liaTC employed the 
Voxd Jympaifiy, to exprefs or explain the coryiexioa 
tctween the heart and lungs. When the lungs are 
inflated, the heart moves, they fay, by fympathy ; 
but, as they have not defined the fenfe in which the 
term is here employed, ijo one can judge of the 
propriety of their reafoning. If by fympathy they 
mean here a feparate principle or quality that 
fuppofed to lie hid in the body, it is only a parttca* 
Jar name for one of the occult qualities of the peri-' 
patetic fchool, which cannot be proved to exift 
and, as they convey no information to the mind, 
they have been long fmce baniflied from all chaftq 
phiiofophy. 



H 
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where the heart has only one auricle and 
ventricle, where the pulmonary artery is a 

fmall 



If the term be intended to exprefs a mechanical 
caufe, to aflert that the motion of the lungs iii refjpi- 
ration keeps up the natural contraftions of the heart 
mechanically, the affertion is not fupported by fafl:s r 
for, if it were fo, the motion of the lungs would 
be alone ftlfficlent to keep up the contraftlons of the 
heart, and any kind of aerial fluid would be then 
equally efFeftual in refpiration; and whenever, the 
Qiotion of the lungs ccafed for a while, the con- 
traftions of the heart would always ceafe alfo : but 
there are feveral kinds of aerial fluids which are not 
fufEcient for the purpofes of refpiration ; for when 
animals breathe them feparately, the contraftions of 
the heart ceafe, even while the refpiration continues; 
and when the amphibious animals are immerfed 
in water, the motion of the lungs ceafes, yet the 
jpatural eontraftions of the heart continue upwards 
of an hour afterward ; which could not happen, if 
the motion of the lungs occafioned thefe contraftlons 

piechanically, 

^ But 



fmall branch from the aorta, and the pul- 
monary vein proportionally fmall empties 
itfelf into the finus venofus and auricle 
along with the vena cava afcendens, which 
carries the principal part of the blood. 
Here the quantity of blood brought by the 
vena cava would be fufficlent to keep up 
the adtion of the heart, independent of the 
pulmonary circulation, if quantity alone 



But probably th&tcrCn is ufcd here In its original 
and more confined fignification ; i. r. to exprefs the 
co-exiftcncc of effefts, or the conflancy with which 
one change in the body follows or accompanies 
anDt!;er, without any regard to the efficient caufe 
of cither, or to the manner or probability of their 
connexion. In this fenfe, as it expreffes only the 
fa£t, no one can objeft to the ufe of it : but I can- 
not with propriety employ the word in this inquiry, 
as my obje£t is to trace the manner of this con- 
nexion between the lungs and the heart, and to fill 
up the chafm by inveftigating their proper canfes. 
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were required j and the coats of the finus 
venofus and auricle, as well as thofe of the 
blood veffels, are almoft tranfparent : the 
lungs- alfo contain a quantity of air fufficient 
to furnifh the neceflary chymical changes 
to the pulmonary blood for a confidcrablc 
time without any communication with the 
atmo%here; fo that the alterations which 
take place in the colour of the blood, and 
in the motions of the heart, in confequence 
©f obftruded refpiration, are more gradual 
and diftindt than in the animals with double 
hearts, in which all the blood pafles through 
the lungs. 

I confined a large living toad on a plate 
of metal, with his belly upwards ; then I- 
removed a part of the fternum, and his 
heart &nd lungs were expofed to view: 
The lungs were then filled with air; the 
blood in the pulmonary veins was florid, 

and 
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and the heart contradled 44 times in A. 
minute. In this Hate he was immerfed in 
a fmall quantity of tranfparent water, where 
the alterations in the colour of the blood, 
and in the contractions of the heart, could 
be accurately diftinguiflied. When he had 
remained in the water J 5 minutes, the 
blood in the lungs began to put on a dark 
colour, and the contractions- of the heart 
were diminifhed to 30. In 15 minutes 
more the dark colour of the blood was 
increafed, and the contractions of the heart 
were 18. The animal now made feveral 
firuggles to relieve itfelf, and threw fome 
air out of its lungs ; but the pulmonary 
blood becoming ftill more dark coloured, 
the contractions of the heart were dimi- 
niihed ftill further, and in 40 minutes more 
they ceafedi although the finus venofus 
and auricle, and the trunk of the vena cava, 
were filled with black blood. The animal 
. . , . was 
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was now removed from the water, without 
any figns of life ; but before the expiration 
of two minutes he opened his mouth, and 
took a large quantity of frefli air into 
his lungs. Soon after, he emptied them 
almoft entirely ; and this was repeated feve- 
ral times. During the procefs, the blood 
in the pulmonary veins began to be florid, 
and the heart to renew its contractions j 
and in 15 minutes from the firft infla- 
tion the contractions of the heart were 
35, all the functions were recovered, and 
he walked about without any expreflions of 
uneafinefs. 



This experiment wsls repeated feveral 
times on the fame toad; and fometimes, 
when he did not fill his lungs, after being 
removed from the' water, we injeCted fomc 
air into them with a blow-pipe, and prefled 
it out afterward, in imitation of the 

example 
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example he had given us ; and by thefe 
means we renewed the contradtions of the 
heart feveral times. But at length he was 
removed from the water, and fuffered to 
remain an hour before frefh air was injedted 
into his lungs. Soon after it was injeifted, 
the blood in the pulmonary veins became 
florid J but the heart did not again renew 
its contratSions. 

Thefe circumflances were repeated after- 
ward in the lizard; and in all the examples 
the contradions of the heart were dimi- 
nifhed in frequency, in proportion as the 
blood from the lungs became dark coloured j 
and they were renewed, when it became 
florid, in the fame manner as in the expe- 
riment with the toad. 

In all thefe examples the quantity of 
blood which came to the heart was fully 

fufficient 



J 
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fufficient to keep up its contradlions ; and 
flill they were gradually diminifhed in pro- 
portion ,as the pulmonary blood became 
darker ; and when it was black, they ceafcd 
entirely. Thefe alterations, therefore, in 
the heart's motion, muft arife from the 
quality, of the blood only. 

But it may be queftioned, by what means 
the quality of the blood can diminifh the 
motion of the heart ? It muft either exert 
fome noxious power on the heart itfelf, or 
it muft be an infufficient ftimulus to excite 
its contractions. 

If it exerted a noxious power upon the 
heart itfelf, it muft diminifh or deftroy the 
faculty of contradlion [a) ; and if it dimi- 
nifhed or deftroyed the faculty of contrac- 

G tion, 

{ci) By " faculty of contradlion in the heart," I 
mean that quality by which it is difpofed to propel 
the blood through the circulating fyftem. 



tion, the heai't would not contradt again 
when thofe means are applied which are 
neceflary to produce the contractions : but 
in all thefe experiments, where the heart 
ceafed to contradt when the blood which 
paffed into it was black, as foon as fome 
air had been received into the lungs to 
change a part of this blood to a florid 
colour, the contractions of the heart were 
reneweti,, and foon returned to their natural 
ilate. 

Therefore this black blood exerts no 
noxious power upon the heart itfelf; and 
we muft conclude that, in all thefe cafes of 
obftruCted refpiration, the heart ceafed to 
contract, becaufe the hlood which paffed 
into it was an infufficient ilimulus (d). 
And 



(u) This concluiion may perhaps, at firft, appear 

fingular; as the fame black bkiod is a lufficient 

Itimulus 
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Arid Jience it follows, T^hat the chymkal 
change which the blood undergoes in the lungs 

by 



ftimulus to the right auricle and Ventricle ; becaufe 
it is expelled from them juft beforCj when it entera 
into the lungs : and if it be a fufficient ftimulus to 
excite the contraftions of the heart on the right fide, 
why not on the left alfo ? 

But it muft be remembered, that the two fides of 
the heart do not t-cfemble each other exaftly in all 
their qualities : there is a confiderable difference 
between them, both in refpe^ to the quantity of mufcul^r 
fihre^ and the facility f being excited to contra^ron ; and 
this alone is fufficient to difarm the objeSion. 

But, even, if there were ho fuch difference, the 
inftance is riot peculiar to the heart ; there are fevc- 
ral examples in the animal body, where mufcles of 
a fimilar ftrufture are not excited to contraftion by 
the fame or a fimilar power : fomc of the mufcles 
are thrown into contraftion by the will ; fomc, by 
particular conceptions of the mind ; and fome, by 
chymical flimuli : yet none of thefe different powers 
will produce a perfcft contradion of thofe mufcles 

Q ^ to 
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hy refpiration, gives it a Simulating quality , 
by •which it is fitted to excite the left auricle 

and ventricle to contraSlion. 

From, all thefe experiments we draw the 
following conclufions : 

I ft, A quantity of dephlogifticated air is 
feparated from the atmofpheric air in the 
lungs by refpiration, and a quantity of fixed 
air is added to it. 

sdly. The dephlogifticated air exerts a 

chymical adtion on the pulmonary blood ; 

in confequence of which it acquires a florid 

colour. 

3dly, In 



to which they arc not adapted by nature. Objec- 
tions of this kind, therefore, do not apply immedi- 
ately to our conclufions, but ratlier to the general 
law in animal bodies, which muft be regarded at 
prefent as an ultimate faflt 
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3dly, In ordinary refpiration this florid 
colour is feen diftindtly as the blood pafTes 
into the left auricle; and the heart con- 
tradfcs then with its natural force and fre- 
quency. 

4thly, When refpiration is obftrufted, 
the florid colour is gradually diminifhed, 
and the contradlions of the left auricle and 
ventricle foon ceafe. 

5thly, This ceflTation of contradtion arifcs 
from a defedl of a fl:imulatirig quality in 
th€ blood itfelf. 



And hence it follows, 

TJ^at the cbymical quality which the blood 
acquires in pajjing through the lungs ^ is 
necejfary to keep up the aBion of the hearty 
and, conjequently y the health of the body. 

G 3 SECTION 



SECTION V. 

To determine the Nature of the Difeafe pro~ 
duced by Submerjion. 

i.T has been fbown, in the Firil: Seiflion, 
that animals confined in water throw out 
fmall quantities, of air, and then endeavour 
to take feme in from the atmofphere. By 
thefe efforta a portion of the furroiinding 
fluid pafies into their mouths, and often 
defcends into the lungs j but the quantity- 
is not fufficient to produce the fymptoms 
which afterward appear : (fee the Experi- 
ments in the Second Ssdlion ;) in the ca- 
vity of the lungs it mixes with the air, 
and increafes the dilatation of the air-cells ; 
in confequence of which the lungs are in a 
middle 



J 



middle flate of dilatation ; that is, between 
expiration and infpiration : and in this ftate 
the blood circulates tlirough the pulmonary 
veflels with fufficieiit freedom to keep up 
the health of the fyftem ; (fee the Conclu- 
fions in the Third Sedion;) therefore the 
fymptoms are not produced by an obftruc- 
tion of the circulation through the lungs. 

From the fituatlon of the animal, the 
air, and water are confined in the lungs ; 
and the dephlogifticated air which it con- 
tains is gradually confumedj and confe- 
quently the blood paffing through the pul- 
monary veflels receives lefs and lefs of its 
florid colour, and the contra<ftions of the 
heart become proportionally flower, until 
they ceafe entirely (fee the Experiments 
and Conclufions of the Fourth Setaion), 
although the faculty of contraction ftill 
remains. 

G4 u 
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It appears, then, that the ceffation of the 
heart's motion may be fully accounted for 
from the adtion of the water preventing the 
entrance of the air into the lungs. 

Let us next inquire, if the other parti- 
cular fymptoms (fee the Firfl; Seition) can 
be traced to the obftrudlion of refpiration, 
and to the confequent cellatian of the heart, 
as their proper caufe. 

In proportion as the colour of the blood 
pafling through the lungs is darker, the 
contradions of the left auricle and ventricle, 
and the corrcjponding pulfaiions of the arte- 
ries, become weaker, and the current of the 
blood flovi-erj and whilft the blood moves 
ilowly In the larger trunlcs, it begins to 
flagnate in the fmaller branches of the 
arteries and veins, wheie the refiftance to 
its pafTage is greateft. At length, when the 
:,^v pulmonary 
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pulmonary blood is no longer fitted to ex- 
cite the finus venofus and auricle to con- 
traction, th^y receive it into their cavity^ 
and remain at reji. As foon as they ceafe 
to contract, and propel the blood to the 
head, all the intelleSlual operations ceafe {a)^ 
fenfation and voluntary motion are fufpended^ 
and the external Jigns of life dif appear \ and 
the black blood remaining at reft in the 
arteries, and particularly in the fmaller 

branches 



immmm 



{a) Whatever may be the efficient caufe of the 
intelleflual operations, fenfation, &c. the circula- 
tion of ^ the blood through the brain is an indifpen- 
fable condition for them in all the more perfe£k 
animals. This is proved by the familiar examples of 
fainting from fudden or great loffes of blood ; where, 
as foon as the motions of the heart can be perceived 
to ceafe, confcioufnefs, and all the other operations 

attributed to the mind, difappear; and when th^ 
aftion of the heart is reftored, they all return 
again. 
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branches of the arteries and veins, occa- 
iions the blue colour upon different parts of 
the body [a) J but ejpecially about the face and 

lit'. 



(fl) It appears from the diffeaion (fee Scft. V.) 
that this pai-ticular blue colour of the face, &c. 
arifes from the prefence of the black blood in the 
fmaller branches of the arteries and veins ; and it is 
Hill further confirmed by the following remarkable 
cafe in the Obfervationes Anatomicse of Sandifort, 
of the authenticity of which I have abundant con- 
firmation from living teftimony. The fulijeft is a 
ioy hprn ia 17&4. 

*' In the fecond year of his ags the nails of his 
fingers were obfervcd to become blue ; but this blue- 
nefs often djfappeared, and returned again, for the 
fpace of a year, when a general languor came on, 
and fome livid fpots were obferved on his face, 
which increafed very much by exercife, till foon 
after the whole face became blue on the fmallcft 
exertion of the body, and particularly the lips and 
tongue. Towards the latter end of the year he 
perceived 
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lipSy where the number of fuperficlal veflels 
is moft confiderable. After the left auricle 

and 



perceived an anxiety about his breaft, and com- 
plained of a general coldnefs of the body, which 
was not relieved by the application of external heat. 
Blood-letting relieved the anxiety in the breaft : his 
blood was very black, and did not feparate prop^y 
into ferum and craflamentum. In the third year he 
perceived frequent palpitations of the heart, for 
which the cold bath and excrcife were re.commended; 
but tjiey feemed to aggravate his comptaints. Thefe 
fymptoms continued ftationary until the joth year, 
when they were confiderably increafed, and he had 
a fpitting of blood. 

*' In the I ith year he perceived an anxiety in his 
breaft upon the flighteft motion of the body, and 
he frequently fainted : the face alfo feemed to be a 
little fwelled, and the blue colour was much in- 
creafed. At length his legs became oedematous, and 
he died. On opening the thorax, it was found that 
the aorta took its origin from both the ventricles of 
the heart i one and a half of the valvulac femilunares 

were 
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andvcntriclehaveceafod to contraifl, the right 
auricle and ventricle are ftill expofed to the 
afllion of thofe means which naturally ex- 
fite them to contraction, and they continue to 
contracl for feveral minutes, and propel the 
bkck blood into the pulmonary arteries : 
this occaiions an accumulation in the pul- 
monary veffels, and a livid colour on the 
longs : but from the refiftance to the en- 
trance of the blood into the pulmonary 
arteries, and from the want of the fynchro- 
nic affiftante of the left ventricle, the con- 
tniitions of the right become gradually 
more feeble, until at length they ceafe j 
and the right auricle, being foon after greatly 
diftended 



were extended over tiic right ventricle, and one and 
3 half over the left ventricle ; fo that half the quan- 
tity of blood which paiTed ioto the aorta was always 
black, not having pafled through the lungs to un- 
dergo the alteratioa of colour." 
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diftended with blood, ceafes to contraft 
alfo; yet the faculty of contra(5lion itill 
remains. 



Thus we have traced the connexion of 
the fymptoms, and the confequent ceflatioii 
of the heart, to the obftrudion of reipira- 
tlon, as to their proper caufe. It remains 
only now to afcertain the name of the dif- 
eafe, and the place it fhould have in Qofi>« 
logy. 

As the gradual diminution of the pnlfi: 
is a conftant fymptom of this difcafc, it 
was firft called Syncope {a) : but, fmm 
fome peculiarities afterwards obfcrvcd, phy- 
ficians thought proper to diftinguiih it from 

the 



{d) Syncope. Motus cordis imminutus, vd all- 
quamdiu quicfcens. Nofolv CuUen. Genus 64* 
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the milder kinds of Syncope, and called iC 
Afphyxia(d); and this name has been ge- 
nerally retained. But another difficulty 
arofe about the place it fhould have in no- 
fology; and, on account of the obfcurity 
of its nature, it was for feme time excluded 
from every fyftem. At length it appeared 
probable, from the general mafs of obfer- 
vations and experiments, that the dimi- 
nilhed aftion of the heart and arteries arofe 
from a morbid ftate of the brain, occa- 
fioned by the preffure of fome blood. In 
confequence of this, the primary affeftion 
■was called Apoplexy, and the diminilhed 
aiftion of the heart only a fymptoni j and 
the difeafe was placed under the genus 
Apoplexia, 



(a) Afffi|.a. Delctis omnibus vita? indiciis, acce- 
dente etiam fuffbcatione, mortis imaginem ita rcfert 
ut mcrito dubilctiir, vitanmc, an mortem predicare 
fas fit. Inft. Patliol. H. D. Gaubii. 
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Apoplexia, where it flill remains (^t). If, 
however, we are to confider the primary 
morbid afFedlion of the body as the difeafe 
itfelf(^), and all the confequent appear- 
ances only as fymptoms ; this difeafe is in 
the blood, and confiils in the prefcnce of 
this black blood in the left fide of the heart 
and arterial fyjiem ; and the diminution of 
the a£tion of the heart and arteries, and 
the blue colour of the face, &c. &c. are 
only fymptoms : this difeafe, therefore, 
might with more propriety be named 
Melanoma (r), and clalfed with others 
which have fome referablance to it. 

As 



(«) Synopfis Nofolog, Cullen. pag. igd. 

(i) Status iile corporis humani viventis, quo fit, 
ut aftiones homini propria; noix poflint appolite ad 
leges fanitalis exerceri. Morbus dldtur. 

Inft. Pathol. H. D. Gaubii. 

[c) Ex f*s?-a' i'f*i»> fanguis niger. 



As there is no Pyrexia here, nor zuy pri- 
mary Neurqfis, and as the alteration of 
colour in the fkin is a conftant fymptom, 
would it not be more confiftent with the 
principles of nofological arrangement to 
place it in the clafs Cachexia, and order 
Impetigo ? And iince there is no genus for 
thefe difeafes, may we not propofe one with 
with this name and definition ? 
Melanoma, 
impedita fanguinis venofi in arteriofum con- 
verfio, cujus figna. Syncope, et livor cutis. 

And this genus would afford ati afylum 
to feveral nofological wanderers that have 
not yet found a permanent refting-place : 
for it is a natural confequence of thefe ex- 
periments, that the difeafes which are 
brought on by hanging (a), by breathing 
fixed 



(a) It is fomewhat extraordinary that the greater 

part of praftitioners ftill fuppofc the death, which 

follows 
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fixed dr phlogifticated air, are all produced 
by this black blood going into the heart 
unchanged by refpiration j and they fliould 
be therefore placed in the fame family {a) : 
but, as name and arrangement are only of 
fecondary importance, when the nature of 
la difeafe is afcertained, it may perhaps be 

more 
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follows hanging, to be produced by compreffion on 

» 

the brain ; notwithftanding the number of fafts in 
furgery which fhow, that .a preffure on the brain, 
much greater than could be fuppofed to arife from 
kny quantity of blood accumulated there by hang- 
ing, will not diminifh the contraftions of the heart 
immediately, nor often for feveral Jiours, and even 
' flays, afterward, 

(tt) Perhaps in this manner : 
Melansdma a Submerfioncj 

', . a Sufpenfione, 

* — — 1 — : — j(i) Infpiratione Acris iixi^ 

— i _. ab Infpiratione Aeris phlogifticati, &c. 

H 



[ 98 ] 

more agreeable to general prejudice to i^e- 
tain the accuftomed title Alphyxia', and to 
arrange it as a lymptomatic Syncope, with 
fomething added to exprefs the primary 
afFe(5tion: as 

Afphyxia a Janguine venofo in auriculam 
et ventriculum Jinijlros tranfeunte. 

Thefe, however, are only propofals for the 
confideration of Nofologifts, which we will- 
ingly leave to their future determination. 



SECTION 
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SECTION VI. 

7e? determine the Condition of the Body in 
this Difeafe, and the Means of dijiinguijh^ 
ing it from Death itfelf 

UF animal bodies there are only two gene-i* 
ral conditions. Life and Death ; and iince by 
death we underfland the privation of life^ 
there can be no intermediate ftate between 
them. Of the body in this difeafe, we 
can fay with propriety only> that it is alive, 
or that it is dead. If it were really dead, 
it would neceflarily follow, that the means, 
which are employed to recover it, in the 
different experiments of the Fourth Sedtion, 
muft be fuppofed to communicate life to 
dead matter, which is impoffibk : the 

H 2 body 



body is therefore alive, but with a degree 
of life lefs perfedt than in the ordinary ftate 
of health ; and iince a difference in degree 
does not occafion an alteration in kind (a), 
the body muft ftill retain that principle 
which is the immediate caufe of all the 
fanflJons, that are performed in health (;6) j 
only it is not now excited to adtion j becaufe 
the external concomitant circumftances, 
which operated upon it in health, are re- 
moved. Thefe external circumftances are 

heat and refpiration. 

To 



(d) Majus aut minus non vanat fpeciem. 

(i) Hence it appears, that there is a ftriking im- 
propriety in the terms, which are commonly cm- 
ployed to cxprcfs t"he ftate of the body in this difcafe, 
viz. " fufpendedlife^'' " fvfpcnded amtfialkn" &C. and 
thefe terms ought to be laid afide ; becaulc thpy lead 
mankind to believe themfelvcs capable of rMK/'ma/fwj;- 
or refufchat'ing a lifelefs mais, when they only cure x 
difeafc. 
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To afcertain the feat of this principle, 
wc inquire into the effedls of the privation 
of heat and refpiration on the living body. 

It is generally known, that a fmall dimi- 
nution of the ordinary temperature of the 
body will not occafion a fufpenfion of any 
p{ its functions : but- it is alfo known, that 
a confiderable diminution of the ordinary 
temperature of the body will occafion a 
fufpenfion of the greater part of its func-' 
tions {a) . A certain degree of heat, there- 
fore, in living bodies is indifpenfably necef- 
fary to keep up the functions of health. 
But although the heat be indifpenfably nc- 
ceffary, it is not in itfelf fufiicient to keep 
up thefe fundtions without refpiration : for 
if heat be applied to the living body^ when 

H 3 the 



(a) Flora Siberica, praefat. p. jz* 



the different fundions are fufpended, none 
of them will be recovered, until the re- 
fpiration be eftablifhed ; and the refpira- 
tion is not always eftabliflied in this ftate, 
in confequence of the application of heat, 
but oftep requires artificial aff]flance(ii), 
{See the Experiments with the amphibioiis 
animals in the Fourth Sedion.) 

Since, then, the prefence of heat in the 

living body is not in itfelf f^fficient to keep 

up the different fundlions without refpira- 

tion, the heat muff not be regarded as the 

whole 



(a) No one can deny tliat the refpiration is fome- 
timcs eftaWiilied in ihis ftate, in confequence of ilic 
application of heat. Reaumur mentions a caft of 
this difeafe, where a perfon was recovered, only by 
being expofed to the rays of the fun ; and Nature 
fcems to employ the fame means to recover the 
hybernating animrils from their torpor, a ftate very 
fimilat to this difeafe. 
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whole caufe of the continuance of thefe 
functions, but rather as putting the body 
in a condition to produce them, when the 
efFed:s of refpiration are exerted upon it. 
And hence, when the natural temperature 
is confiderably diminifhed in this difeafe, 
the body is deprived of a condition indif- 
penfably necefla^y to favour the operation 
of refpiration in reftoring the functions of 
health. - 



From the want of refpiration the heart 
ceafes to contract ; becaufe the blood, which 
pafles through the lungs, is an infufiicient 
flimulus to it; and the heart ceafing to 
contraft, all the other functions are fuf- 
pended. But if the temperature and refpi- 
ration be reftored to the body foon after 
the cefTation of the heart, the natural con- 
traftions will be renewed, and all the other 
functions recovered. And fince the con* 

H ± tra(5tions 
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trailions are renewed by the application of 
the ordinary ftimulus, the heart retains that 
princ!ple(i3), which is the immediate caufe 
of its contradlions, even after all the other 
funiftions are fufpended. 

But if we attempt to reftore the tempe- 
rature and lefpiration to the body a con- 
fiderable time after the ceffation of the 
heart, its contradlions will not be Renewed, 
jior will any of the fundlions be recovered ; 
and when the contraftions are not renewed 
by the application of the ordinary flimulus, 
the heart has loil that principle, which is 
the immediate caufe of its contraiflions, 
• and we have no means of refloring it, 
% 
From thefe faifts it is evident, ifl. That 
the heart is the great feat of the principle 
of 



(a) The principle of life. 
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of life in all the more perfeft animals; 
2dly, That the contraction {a) of the heart 
with the ordinary ftimulus is the only mark 
of the prefence of this principle ; and when 
the heart contradls under thefe^ circum- 
ftances, the body is alive ; but when it does 
not contract under thefe circumftances, the 
body is dead : Life in the more perfedt ani- 
mals may therefore be defined, The faculty 
of propelling the fluids through the circu-^ 
fating fyflem. 

And whenever the funftions of an ani- 
mal are fuddenly fufpended, and the body 
puts on the appearance of death, it is al- 
ways in our power to determine whether it 
te really dead, by reftoring the temperature, 

and 



{a) That a£llon of the heart, by which it exerts 
the ordinary force to propel the blood along the 
irirculating fyftem. , 



contradions of the heart; and the only 
means neceflary to be employed are the 
application of heat to the body, and air to 
the lungs : but as the operation of thefe 
powers will be more or lefs efFedlual, in 
proportion as they are regulated by a regard 
to the circumftances of the body, it will 
be neceiTary to deliver fome particular direc- 
tions for the application of them. 

When we attend a perfon in this difeafe, 
the firft bufinefs is to examine the tempera- 
ture of the body, and, if it be confiderably 
below 98", to order the application of heat : 
but, lince the fcale of heat is fo very exten- 
iive, it is neceffary to determine the degrees 
of it beft calculated to promote the reco- 
very. 



It is generally known from feveral iami- 

liar fafts, that whilft the circulation of the 

blood 
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blood continues, the temperature of the 
body may be raifed many degrees above the 
natural ftandard without deftroying the 
principle of life : but it appears on the 
other hand, from the.refult of many at- 
tempts to recover the hybernating animals 
from their torpor, that w^hen the circula- 
tion of the blood has ceafed, and the tem- 
pOTature of the body is reduced near the 
freezing point, if heat be applied either very 
fuddenly, or in a very high degree,, the prin- 
ciple of life is foon deftroyed ; whereas, if 
it be applied gradually, and in a very low- 
degree, to the fame animals in the fam€ 
circumftances, the principle of life is often 
excited to adiori, and the funcftions are foon 
rcftored. 

The efFeds of heat therefore arc e}£- 
tremely different in different ftates of health 
and difeafe; and the greateft caution is 

required 



required in deducing any inference froiJi 
analogy to regulate the application of it as 
a remedy. 

But fince the condition of the body in 
this difeafe is nearly the lame as in the ftate 
of torpor, and fince the progreflion of the 
recovery is alfo the fame ; it can fcarcely be 
unfafe to conclude, that heat will produce 
the fame efFedls on the body in this diieafe, 
as in the torpid animals. 

I 

To favour the recovery then moft effect 
tually, the application of heat ihould be 
conduced on the fame plan, which Nature 
has pointed out for the torpid animals. It 
fhould be applied very gradually and uni- 
formly; and it may be raifed to 98°, but 
not further than 100'. 

When the body* is warmed uniformly, 
and the heat of the interior parts about 98", 
we 



^ 
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we dired our attention to the ftate of tjie 
thorax; and if the patient make no at- 
tempt to infpire, we proceed to inflate the 
lungs with air. 

When a perfon is in health, the obje<3: 
of refpiration is to change the quality of 
the blood paffing through the pulmonary 
veffels, and to fit it to excite the contrac- 
tion of the left ventricle of the heart : but 
in this difeafe the pulmonary veins, the 
iinus venofus, and auricle, contain a quan- 
tity of blood, which has pafled through the 
lungs without undergoing this neceflary 
change : the firfl objedt therefore in in- 
flating the lungs is to change the quality 
of the blood in the trunks of the pulmo- 
nary veins, finus venofus, and auricle, to fit 
it for exciting their contraftions. This 
muft be done by introducing the air fo deep 
into the lungs, that it may exert a chymical 
adtion on the blood in thefe cavities. 

iPor 
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For this purpofe, a great quantity of air 
muft be introduced at each inflation j for if 
only 1 2 cubic inches be injected at a time, 
this fmall quantity will occupy the larger 
branches of the trachea, and confcquently 
only a fmall number of the pulmonary vef- 
fels will be expofed, to its adtion : but if a 
much greater quantity of air be forced in at 
each time, fome of it will pafs into all the 
more remote cells ; and when they are thus 
uniformly diftended, the pulmonary veinsj 
the finus venofus, and left auricle, will be 
expofed as much as poflible to its aftionj 
and fome of the altered blood may be forced 
into them from the fmaller veffels. 

On this account we fliould introduce 

upwards of loo cubic inches of air intoi 

the lungs of an adult at each inflation (a), 

and 



(a) This tlireftion is further confirmed by thrf 
circumftanccs of fpomnneoias recoveries from an 
ordinary Syncope : the firft infpiration is generally 
very full. 
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iand it muft be carefully drawn out agaia 
before more be introduced^ 

But one difficulty ftill remains : there is 
fometimes a quantity of water infinuated 
into the fmall branches of the trachea, and 
into the air-cells ; (fee the Second Sedtion j) 
and if the lungs be inflated in this ftate, 
the water will occupy thofe places where 
the freih air is principally required: and 
although the lungs be inflated with the 
utmoft care and attention, it may be im- 
pofliible, on this account, to apply the frefh 
air, fufficiently near the finus venofus and 
left auricle, to change the quality of the 
blood they contain {a) : in all cafes, there- 
fore, where the quantity of water is con- 

fiderable. 



(a) I think I have feen this opinion verified fome- 
times in yourtg animals, where the lungs contained 
a confiderable quantity of froth after fubmerfion : 

I if 



fiderable, we muft remove Ibme of it, before 
the air is introduced. Sometimes a fmall 
portion of it will pafs out by its own gra- 
vity, when the head is reclined ; and ftill 
more may perhaps be taken away by an- 
inftrument fo contrived, on the principles 
of the pump, as to exhauft the lungs of a 
part of their contents. 

For this purpofe, I propofe the inflru- 
mentABCDE. The brafs cylinder A B 

contains 



. if I inflated them fully in this ftate, the colour of 
the blood in the linus venofus and left auricle was 
not apparently changed, and the heart did not renew 
its contraflions, although it ftill retained the faculty 
of contraftion. Some limilar cafes are mentioned, 
by the Dutch writers, in the human fubjeft after 
fubmerfion. The perfons infpired feveral times of 
themfelvej, but ftili they did not recover ; and this 
failure may perhaps be accounted for in the fame 
manner. 






r 



r* 



contains lOo cubic i^Mbes of air, and com- 
municates with the ^ifaijoiphcre by the fmall 
circular opening a. The pifton D E Is of * 
wood, and lined widi a fof t fubfVance at 
the bottom E, fo as to be air- tight. The 
two openings ^, ^, ^. to allow the air to 
efcape, when the pljftbn Is drawn higher* 
than the circular opei^pg a. The tube C 
is for the attachment : of a fmaller one, to 
be inferted into the nofe, larynx, or tra- 
chea (^). 

If the lungs are to be inflated, the extre* 
mity of the fmall tube>niufl: be inferted into 
one of the aerial paflages, and the others 

I 2 properly 






a 

(fi) I am favoured vvith thi's inftrument by Dr. 

Nodth, a Gentleman diftlnguiflicd as much for libe- 

rality as genius, to whom the Arts ^re inxlebted for 

feveral valuable inventions, which are commonly 

• attributed to others. 



"i* 
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'properly fhut. The piflon being drawn up, 
and the orifice a clofed with the finger, 
we prefs down the pifton, and force the 
contents of the cylinder into the lungs. 
A few feconds after, we draw up the piflon, 
and the air pafies from the lungs into the 
cylinder again. Then we remove the finger 
from the orifice a, prefs down the piflon, 
and the greater part of this expired air 
efcapes into the atmofphere. After this, 
we draw up the piflon a fecond time, while 
the orifice a continues open, and a volume 
of frelh air enters into the cylinder, whicli 
may be forced into the lungs in the fame 
manner. 



But where it is necelTary to extract water 
from the lungs before the inflation, we be- 
gin the procefs with the piflon down ; and 
when the fmall tube is inferted, as before, 
we draw up the pifton, until the lower part 
E is 
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E is contiguous to the orifice a : the water 
will then rife up from the lungs into the 
fauces, or cylinder. If the water rife into 
the cylinder, it may be evacuated by de- 
taching the tube C from its connexion with 
the fmaller tube : and this may be repeated 
once or twice; but always with great cau- 
tion, left the pulmonary velTels be injured. 
Then we proceed to inflate the lungs in the 

manner juft defcribed [a). 

If 

(a) Other machines have been lately propofed to 
inflate the lungs in this difeafe, and particularly 
one by Mr, Kite of Gjravefend, and another by 
Mr, Hurlock of St, Paul's Church-yard ; two fur- 
geons of confiderable eminence and refpeftability. 
I have not yet employed thefe machines on animals, 
but am informed, that they are extremely well cal- 
culated for the purpofe. It appears, however, that 
they are encumbered with valves ; and in the choice 
of an inftrument for a bufinefs of this kind, which 
is fometimes trufted to the awkward and ignorant 

I 3 part 
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If the inflations be continued carefully and 
ilowly for feveral minutes in this manner, 
the contra<3ions of the heart will be gra- 
dually renewed, and the other fumftions 
will foon return, without any other incon- 
venience than a difficult and rterterous re- 
fpiration, which often continues a Ihort 
time afterward : this inconvenience arifes 
from fome water ilill remaining in the lungs, 
which will be gradually evaporated by the 
expired air. 

In fituations where dephlogifticated air 

can be procured to inflate the lungs, it 

fhould 



pnrt of mankind, I fliould be difpofcd to prefer the 
moil: firaple, where there are neither valves, nor ftop- 
cocks, and where the quantity of air to be injcfted 
is clearly meafured : but the value of thefe different 
inflruments muft be determined by future expe- 
rience. 
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ftiould be always preferred to atmofpheric 
air. I have employed it in feveral inftances 
in the fmaller animals, and the recovery 
was commonly more expeditious than where 
atmofpheric air was ufed ; but I have not 
yet been able to recover an animal with 
dephlogifticated air, where good atmofphe- 
ric air had been inefFed;ual. 

Several other remedies have been recom- 
mended for this difeafe by different writers, 
and many of them are faid to have been 
employed with fuccefs ; but as the circum- 
flances of their application, and the pro- 
greffive changes in the body, are not mi- 
nutely detailed, nothing can yet be faid to 
be determined in favour of their particular 
efficacy. If indeed we were to judge of 
them from the hiftory.of their introduftion, 
or from their ordinary operation on living 
bodies, little affiftance would be expelled 
from them. 

I 4 Some 
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Some of them were fuggefted from a falfe 
notionof thenatureof thedifeafe(ij) J others, 
from a miftaken opinion of the principal 
feat of life (i/) ; and fome, from an ignorance 
of the mod effiftual means to folicit the 
principle of life into adion [c) : and none 

of 



(17) Bleeding, friftion, and fuccuffion. See Mc- 
moires fur les Noyes, &c. par Monf. Leiiu Nedc- 
landifche Jaarboehn, April 1758. Dijfertam dc Syii- 
c,ape, AuSlare H\crm> ^tye- 

(i) The application of different fubftances to the ■ 
ikin, tiie ftomach, the inteftines, tlie parts of gene- 
ration, the nofe, the fauces, the extremities of tlic 
fingers, &c. Diffiriatk de Caufa A-forlh Suimafa-um, 
Auff. 'Jacob Gummer. 

(f) The employment of elcflricity, alcohol, vo- 
latile alkali, tobacco, eflenttal oils, and all the acrid 
and ftimubting fubftanccs. 

Traft. Ifnard. pag. 13. Obf. 5. 

Rauchinus in Trafl. <Je Morb. fubit. Cap. 12. 

jElius in Tetrah. Cap. 49. 

Le Voyage d'Acadle, pag. 150. 
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of them appear fitted to excite the natural 
contradtions of the heart by diredl agency : 
but fince they are now introduced into 
pradice on the authority of feveral learned 
focieties, experiment alone ought to decide 
concerning their efficacy. 



In the cafes recorded of their fuccefsful 
application the bodies were warmed : now 
it has been fliown in the Sixth Sedlion, 
that the prefence of heat alone is often fuf- 
ficient to produce a recovery ; and there- 
fore, whilft the remedies are applied under 
thefe circumftances, the fuccefs cannot with 
propriety be attributed to their operation : 
and if they be applied when the tempera- 
ture of the body is fo low, that warmth 
cannot be fiippofed to contribute to the 
recovery, it is known from experiment, 
that no fenfible change will be produced : 
the concurrence of heat is therefore necef- 
fary to their fuccefs. 

Sfdu 
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Still, however, it may be fiippofed, that 
riie concurrence of refpiration is not necef- 
lary. 

But this may be determined by applying 
thefe remedies in conjundlion with heat, 
by attending to the progreffive changes in 
the body during their fuccel'sful application, 
and by obferving if the other funiftions 
return before the refpiration be renewed. 



I applied thefe remedies fingly to feveral 
animals under thefp circumftances, and 
attended carefully to the progreflive changes 
in the body : fome of them were recovered, 
and others were not j and in all the fuccefs- 
ful cafes the progreflion of the recovery was 
as follows. The organs of refpiration be- 
gan firft to move, two or three infpirations 
followed J the contractions of the heart were 
gradually renewed, and then the other func- 
tions followed. 
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In thefe cafes it appears, that thefe remcT 
dies were not often attended with fuccefs j 
and even when they were fo, the other 
fundtions did not return until refpira- 
tion began : the concurrence of refpiration 
is therefore neceffary to their .fuccefs ; and 
if it could be granted, that they entirely, 

or even in part, occafioned the recovery in 
■ 

thefe cafes, it muft evidently be by ope- 
rating on the organs of refpiration, by 
exciting them to adtion, by producing an 
infpiration, and applying to the heart its 
natural ftimulus; thus inducing it to con- 
tradt, and to reftorc the fufpended func- 
tions. 



Hence, if we allow to thefe remedies all 
the efficacy that partiality can claim, it can 
only be faid, that they fometimes produce 
by indiredl means, what may be always done 
diredtly by the method we have recom- 
mended : furely then we ought not to 

heiitate 
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hefitate in preferring a remedy whicfi'can 
be applied direftly, and which operates with 
certainty and expedition, to one that is 
flow, indireft, and uncertain. 

Ill litnations, indeed, where the means of 
artificial inflation cannot be immediately 
procured, thefe remedies may be employed 
for the moment ; but every perfon ought to 
be apprifed of their infufficiency, and of 
the necefiity of employing artificial infla- 
tion, even after their application has failed. 

Haller mentions a cafe, where the ordi- 
nary remedies had been employed an hour 
without any fenfible effedl, and yet by in- 
flating the lungs the patient was quickly 
recovered {a) ; and I have often feen the 
fmaller 

(a) Dilputat. ad Morb. curand. et Hift. pcriinent. 
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fmaller animals recovered by inflation, after 
the other remedies had failed. 

Notwithftanding thefc fads and con- 
clufions, fome pradtitioners may be ftill 
difpofed to think with the ancients. With 
fuch, authority will be more powerful than 
. argument ; yet, fince thofe who will not be 
ibaken by the labour of youth, may fome- 
times yield to the judgement of age, we 
fhall venture to addrefs them in the lan- 
guage of the candid Sydenham, 

'^ Atque hoc mihi, fuffragante experientia 
'^^ multiplici, compertiflimum eft : experi- 
" entia, inquam, optima duce, et magiftra, 
** ad cujus leges et normam nifi exerceatur 
** Medicina, earn prorfus exulare fatius eflfet : 
** luditur enim (quod aiunt), de corio hu- 
** mano plus fatis, cum hinc emplrici, ne- 
'^ que morborum hiftoriam, nee methodum 

*' medendi 
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'^ medcndi callentes, et receptis farituw 
" freti ; ifthinc Sciolbrtim vaniffimi fpera 
^* omnem in aiFedtato artis ambitu, et fpe- 
** culationibu* utrinque pari fere momento 
^* difceptatis ponentes. Ea demum Praxis, 
** eaque fola aegris mortalibus opem feret, 
** quae indicationes curativas ex ipfi6 mbr- 
** borum phaenominis elicit, dein iirmat 
** experiehtia, quibus gradibus magnus Hip-* 
^* pocrates ad caelum afcendit.'* 
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INTRODUCTION. 
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All animals, bowevcr difibrent in their ftru<$uiA 
and fundtiotts, appear to agree in poflefling Qrgaofl 
appropriated to the purpofe of refpirationYo/ 
In man, quadrupeds, birds, and the amphibia^ 
they confift of a cavity, with the neceflary apn 
pendages, which alternately receives and emits 
a portion of the air of the atmoiphere. Fifh^ 
in confequence of the medium in which they 
are immerfed, perfonn this function by a dif- 
ferent apparatus ; they are furnifhed with a pai^ 
fage conimunicating* with the fauces or cefopha* 
gus, and terminating in the external furface of the 
body, through which a part of the water received 
into the mouth is forcibly propelled. In this 
paflage, the branchiae, or gills, are fituated, and ' 
the blood which circulates in their fringed extre- 

B mitie^, 

\ 

■ 

CaJ Note 1. 
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ligaments ; it commences in the fauces, and 
defceads into the thorax, where it divides into 
two branches, which communicate with the two 
divifions of the lungs. Each of thefc is fubdivi- 
dcd into finallcr branches, called the bronchia, 
which again ramify into others ftill more minute, 
imtil at length they terminate in what are called 
the veficles, or air cells of the lungs. In man, 
and the warm-blooded quadrupeds, the carti- 
laginous rings are incomplete at the back, part, 
where they lie contiguous to the cefophagus ; this 
deficiency is filled up by cellular fubftancc, fur- 
nilhed with mufcular fibres. Thefe fibres are 
placed both longitudinally and tranfverfely, fo 
that by their contraction, the trachea is di- 
minished, as well in its length as in its diameter. 
The a<5lion of the longitudinal fibres is alfo af- 
fifted by others, which pafs acrofs the intervals 
between each fucceffive ring. As the bronchia 
decreafe in fize, their cartilaginous rings become 
lefs and lefs apparent, and at length, when they 
terminate in the veficles, their flru<fturc is alto- 
gether membranous. A number of the air cells, 
with their accompanying vcflels, are connected 
together by cellular fubftancc, and form what are 
called lobules ; thefe are again united into larger 
lobules, and thcic into divifions of more confi- 
derable 



\ 



derable lizc, Ivhieh' confljtute the lobes of tbc 
lungs.(dj 
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' The pulmonary lyftem of fartgaiferous veflelsi 
forms the moft important part of the refpiratory 
organs^ and that to which all the reft may hi 
confidered as fubferyient. After the blood has 
completed its circulation through the body, it ii 
returned by the vena cava to the right fide of the 
heart. From this cavity, it is propelled through 
the lungs, along the branches of the pulmonary 
artery, which ramify with almoft inconceivable 
minutenefs over the bronchial air cells, forming 
what is called the rete mirabile of Malpighi ; it is 
fhen colledled by the pulmonary veins, and re- 
turned to the left auricle of the heart. 

The pulmonary arteries and veins, with the 
air veftels, and the accompanying lymphatics and 
nerves, are all conne6ted together by cellular fub- 
ftance, and compofe the lungs, two fpongy mafles 
which completely fill the thorax; the internal fur- 
face of this cavity is lined with a membrane, called 
the pleura, which is refledled over the furface of 
the lungs ; it is afcertained, that in all the difr 
ferent ftates of refpiration, the two parts of the 

pleura 

CaJ Note 4. 



pleura are in perfeA contact. (^«^ The diaphragm 
is a firong^ expanded^ and peculiarly irritable 
mufcle^ which feparates the contents of the two 
great cavities of the body ; in its natural ftate^ it 
aflUmes an £u:che4 form> convex with refpe^l to 
ihe thorax, but when in a ftate of contradlion, its 
curvature is diminifhed, and confequently the ca- 
/vity of the thorax becomes increafed. 



CHAP. 



CHAP. II. 
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A Description of the Mechanism qf Respiration. 

Respiration conMs in the reception and 
emifCon of air into^ and out of the brpnchikl vJbf^ 
fels of the lungs^i by means of the alterna:te enlarged 
ment and contra<Slion of the cavity of the thorax. 
When the body is in its natural pofitiod^ and the 
njufcle? are relaxed, the lungs are in a ftate of e^- 
piration ; bu£ after thc^y have . continued' in thfs 
condition for only a few feconds, we arie uiider the 
neceffity of inhaling a quantity of Irefti atmof- 
pheric air. For this purpofe the diaphragm is 
contradedj^ and thus rendered lefs convex towards 
the thorax, by which means the capacity of Ihe 
cheft is augmented. The intercoftal mufcles are, 
at the Tame time, thrown into adlion; and by 
elevating the arch of the ribs, and thus increafing 
the diftance between the fternum and the fpine, 
ftill farther tend to enlarge the dimenfions of the 
thorax« The diaphragm is, however, (he chief 

'...Ml 

agent 



agent in producing this cffc&ifq) and aJiatomifts 
arc generally agreed in fuppofing, that the ufeof 
the iritercoftals Qonfifts principally in fixing the 
lower ribs, (o as to prevent their being drawn down 
by the adiion of the diaphragm, and thus obviating 
the effedls of its contra6tion.^iJ The contrac- 
tion of this mufcle in fome degree difplaces the 
vifcera which lie contiguous to it, and pulhing 
them againft the parietes of the abdomen, caufes 
a protrufion of the ftraight and oblique mufcles 
which compofe its anterior boundary. The ca- 
pacity of the thorax being augmented, and a free 
paflage being left by the trachea for the admifHon 
of the air, a portion of it will neceflarily ru(h into 
the lungs, in order to maintain an equilibrium be- 
tween the external and internal prefliireYc^ The 
contraftion of the diaphragm and inlercoftals 
foon ceafes, the elafticity of the cartilages of the 
ribs re-ai£ts, and the parts return to their natural 
ftate ; at the fame time a degree of contradion 
takes place in the mufcles of the abdomen, and 
the vifcera are reftored to their former pofition ; 
the thorax is thus reduced to its original capacity, 
and a portion of air is confequently expelled from 
the langs.fdj 

We 



(hj Note?. 
fdj Note g. 



We have now been defcribing what tatci 
place in «n a6l of ordinary mfpiration ; but this 
iiin&Aon, though fo eilential to life that it cannot 
be interrupted for the ihorteft ihterval, without 
imminent danger^ is^ at the fame time, fo far un-* 
ider the control of the will, as that, according ta 
inclination or necefHty, it may be exercifed in 
very different degrees. When we are defirous of 
making a full infpiration, beifides the diaphragm 
'and intercoftals, we call into adlion the extcr* 
nal mufcles of the breaft, thofe of the fhouldef 
«nd other neighbouring parts, which, by elevating 
the ribs and ftemum, ftill farther increafe the ca- 
pacity of the thorax/fl^ When, on the contrary, 
we wifh to produce a full expiration, the abdomi^ 
nal mufcles are more ftrongly con traded, the 
vifcera are thus pufhed more forcibly iagainft the 
diaphragm, and its convexity towards the thorax 

is increafed. 

• • ■. 

The grand objedl of refpiration is to efFedl a 
change in the blood, by the operation of the at- 
mofpheric air ; in order to accomplifh this end, it 
is neceflary, both that afrefh fupply of air be con- 
tinually offered to the blood, and alfo that as large 
a furface of blood as poffiWe be prefented to the 

air. 

faj Note 10. 



&ir. The fabric and mcchanilrn of the lungs are 
adapted to produce thefe effedls in the moll com- 
plete degree : the very aift of refpiration confifts 
in perpetually changing the air of the lungs, and 
the manner in which the blood of the pulmonary 
artery is diftributed over the furface of the vefi- 
cles, in branches of almoft inconceivable minuter 
nefs, affords the beft opportunity to each particle 
of blood for undergoing the adtion of the air. 
Several phyfiologifts, .and among others Dr. 
Hales and Dr. Keilljfa^ have attempted to efti- 
mate the number of the bronchial veficles, and 
the extent of the membrane lining them. The 
rcfults differ fo much as to demonftrate the fal- 
lacy of their calculations ; but they agree in con- 
ceiving the membrane to be many times more 
extenfive than the furface of the whole body. 



fa) Keill. Tent. Med. Phys.p. 80, HaUs's Stat. Essays. 
i. p. 2il. 
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CHAP. III. 



Inquiry into the Bulk of a single Inspiration, 
and into the Capacity of the Thorax in its dif- 
ferent States of Distension. 

After having obferved the manner in which 
the a£t of refpiration is efiec^ed^ it naturally be^ 
comes an obje6l of attention to determine the ca- 
pacity of the lungs^ and the quantity of air re- 
ceived and emitted by them* There are fevenil 
circumftances which render the latter part of this 
inquiry of peculiarly difficult refearch; and not- 
withilandingthe labors of feverallkilful experimen- 
ters, the objedl of their invefligation has not been 
fatisfadorily afcertained. Owing to a difference 
in Aature, and in the peculiar conformation of the 
thorax, probably alfo in the conftitution and ha- 
bits of individuals, great varieties prevail in the 
quantities of air refpired by different perfons ; 
and in the fame perfon it is well known, that the 
refpiration is materially influenced by the degree 

of 



of mufcular exertion, the ftatc of the (loinach, the 
mental irnprcflions, and the powers of volition ; 
all, therefore, that can be effected by experiment, is 
to afcertain the average quantity of air refpired in 
that ftate of the body, when it is lead under the 
influence of external agents. 

Many calculations were made by the older 
writers, to determine the capacity of the lungs, 
and the change which it experiences by refpira- 
tion, but as their cftimates were founded rather 
upon hypothetical reafoning than upon experi- 
ment, they were for the moft part remote from 
the truth, Borelli is the carllcft phyfiologift who 
cftabliflied an experimental inquiry into the quan- 
tity of air received by a fingle infpiration.f'n^ Dr. 
Jurin afterwards improved upon this methodj and 
obtained refults which appear to have been to- 
lerably accurate. ('ij His experiments confifted 
limply in receiving the air which was expelled 
from the lungs into a bladder, and by repeating 
this procefs for a fufficient number of times, he 
concluded, that the quantity of air employed in a 
lingle a6l of refpiration amounts to 40 cubic 
inches. No additional information fccms to have 

been 



fa) Demolu Anim. p. 2. prop. 81. 

(b) Halicri El. Phys. lib. viil. stcl. 3, 8. Holes's Essays 
I. i. p. 243. 
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been acquired from the time of Jurin until the 
publication of Dr. Groodwyn's Eflay on the Con- 
nexion of Life with Refpiration.^a^ This author 
enters fully into the difcuilion of the queftiona 
refpe6ling the capacity of the thorax, and the 
quantity of air received in a fingle infpiration^ 
and he inilituted a number of ingenious and ela- 
borate experiments for the purpofe of afcertaining 
tbefe points., . ; 

■ * ■ 

His work commences with an attempt to mea- 
fure the quantity of air left in the lungs after a 
complete expiration. Every animal^ heremarksi 
immediately before death, produces a full expira* 
tion, and therefore, by afcertaining the capacity of 
the thorax in the dead fubjed, we obtain a folu- 
tion of the propofed inquiry. The diaphragm 
being the only part of the chefl which remains 
moveable, he endeavoured to fix it by applying a 
fii*m comprefs about the upper part of the abdo- 
men. An opening was then made into the thorax^ 
and the lungs, coUapfing by their natural elaili* 
city, expelled the air which they previoufly con- 
tained, and thus left a cavity between the pleurae, 
which he filled with water. This water he cour 
ceived would exactly meafure the fpace previoufly 

occupied 

(a) Note II. 



ftccuprcd by the air contain<rd in the lungs, and 
from the average of four different experiments, he 
eonchided the quantity of air left in the lungs 

i after a complete expiration, to be lOg cubic 

I inches, f'o^ 



Dr. Goodwyn next attempted to afcertain the 
quantity of air received into the lungs by a fingle 
It infpiration, and for this purpofe he ufed the fol- 
lowing apparatusY^^) D is a vcflel with two 
openings, through one of which E he infpired, 
Ifrhile the other c was immerfed in water con- 
tained in the difh G ; a quantity of water equal 
> the volume of air infpired will neccflarily pafs 
nto the veflel D, and from the weight of this 
I water, it is eafy to eftimate the bulk of the air 
taken into the lungs. By taking the average of 
L thirty infpirations, and by ufing the neceflary pre- 
I eautions, the quantity appeared to be twelve 
t cubic inches, which when it entered the lungs, 
lie fuppofcd would, by their higher temperature, 
I be expanded to fourteen cubic inches: fourteen 
[cubic inches therefore he efiimatcs to be the. 
I^antity of air employed in an ordinary adl of 
Ifefpiration. Having previoufly found the quan- 
tity 
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tity of air left in the lungs after expiration to be 
109 inches, lie concludes, that the difference of 
capacity which the lungs experience in the alterna- 
tions of refpiration, is in the proportion of 109 to 
(109+ 14) I23.(aj Thefe numbers are much lefs 
than the quantities afligned by preceding writers, 
particularly by Dr. Jurin ; it will therefore be 
proper .to examine how far the experiments and 
obfervations of Dr. Goodwyn may be found ob- 
je6lionable. 

The pofition, that every animal makes a com- 
plete expiration before death, which forms the 
bafis of his experiments, is in the main true ; 
yet there is every reafon to fuppofe, that it will 
require many reftridions before it can be admit- 
ted as the fird Aep in a phyfiological calculation. 
According to the nature of the difeafc or accident 
producing death, the ftate of the lungs mufl vary 
confiderably. In many iirflances, the refpiration 
is directly impeded by an obftaclc preventing the 
ingrefs and egrcfs of the atmofpherical air out of 
the bronchia ; in fome cafes, the air when ad- 
mitted, is prevented from undergoing its appro- 
priate change from the adlion of tha blood, while 
in a large clafs of difcafes, life is extinguiflied by 

the 
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(he gradual ceflation of ihe powers, which ena- 
ble the heart to propel the blood through the 
pulmonary veffels. To determine precifely, what 
is the different c-ndition of the lungs in thefe 
different circumflances, would require a long 
and difficult inveftigation ; it is fufficient for the 
prefent purpofe to ftate thefe differences, as it is 
evident that they muft produce different effeiSs 
upon the organs of refpiration. 



The method which Dr. Goodwyn employed 
|o retain the form of the thorax, lies open to fome 
I pbjcdtions. With whatever care the comprefs be 
[ Applied about the region of the diaphragm, there 
f js ftili rcafon to believe, that a fufficient power 
I jnight pufh it down upon the vifcera contiguous 
to it, and fo caufe them to protrude into the 
^ loins, the groin, or foine other part of the parie- 
^tes of the abdomen, to which the bandages were 
jiot applied. Mr. Coleman farther urges againll 
,Dr. Goodwyn's experiments, that after a com- 
■plete expiration, the diaphragm is raifed as high 
as the 4th or 5th rib, but that a comprefs about 
the upper part of the abdomen, would be inca- 
pable of retaining it in this poiiiion, and that the 
- ribs themfelves will alfo defcend by the preflTure 
of the water admitted into the cavity of the 
thorax. 
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thorax^ dnd will conlequently draw down the 
whole fabftance of the diaphragm, (aj 

V * ■ p • 

Dr: Goodwyn appears alfo to have been mif- 
taken in conceiving, that a complete collapie of 
the lungs is produced by the admiifion of water 
into the cavity of the thorax, fb)*^ A degree of 
preflure will in this cafe be exercifed upon the 
furface of the lungs, which will produce a mate- 
rial contraction in their bulk, but it will not obli- 
terate the cavities of the bronchial veficles, an 
eBk& which muft take place before all the con- 
tained air can be expelled. Both from the fhape 
and texture of thefe organs, and from adual ex- 
periment, we know that fcarcely any degree of 
external force can fo far evacuate the contents of 
the lungs, as to render them fpecifically heavier 
than water, (cj Upon the whole we may conclude 
that Dr. Groodwyn's eftimate of the capacity of 
the lungs after a complete expiration is not unob- 
jedlionable, yet the experiments muft be confi- 
dcrcd as valuable, and as affording refults pro- 
bably not very remote from the truth. 

The author will be found to be lefs fortunate 

C in 

(aJ Coleman on Resp. p. 89. (If J Goodwyn, p, 2'*. 
(c) Boer, prcelect. t v. p. 2,p. 458. Petit, Mem. Acad. 1733. 



in his fecond fabje& of inquiry, viz. refpe£ting 
the quantity of air received by a fingle infpiration. 
He remarks himfelf, that in breathing through 
the tube E, the water is raifed out of the veflel 
G, contrary to the power of gravity, and that a 
greater effort is therefore ncceflary to receive the 
due quantity of air into the lungs, (a) He con- 
feqaently attempted to obviate this fource of in- 
accuracy, but the nature of the apparatus feems 
to render this imprafticable. Dr. Menzies has 
abb pointed out another caufe of error in this 
experiment ; when the mouth is removed from 
the tube, the external air will immediately rufti 
in and repel part of the water into the veffel G, 
I and confequently the meafure of an infpiration 
I will be eftimated below the truth ; that this ac- 
I tually takes place Dr. Menzies found by adding 
r valves to the apparatus, (bj 

A more important error into which Dr. Good- 
wyn has fallen, confifts in the comparative efti- 
[ mate which he forms of the capacity of the lungs 
f in the ordinary ftates of infpiration and expira- 
^ tion. He calculates the quantity of air left in 
'them after a complete expiration to be lOQ cu- 
bic inches, and he fuppofes that 14 inches are 
received 



'aj Goorficyn, jB. 33, 4. f^'J Menzia on Respiralion, p. Iff 



receiTcd at each infpiration ; bcnce he infers, that 
in the ordinary procefs of refpiration, the Jungs 
experience a dilatation and contraiflion from 123 
to 109 cubic inches (a) But it is obvious that 
the author here confounds together an ordinary 
and a complete expiration. 

The quantity of air emitted from the lungs is, 
within certain limits, under the control of the 
will, fo that we are enabled by a voluntary effort 
to expel a confiderable quantity of air after an 
ordinary expiration. The amount of this quan- 
tity has been varioufly eftimated, from 220 to 70 
cubic inches; we fhall probably be not far from 
the truth in fixing it at 170 cubic \t\c\\t%.(b) 
Yet it is certain, that after the moft powerful vo- 
luntary effort of expiration, the lungs will not be 
completely emptied, they will then be only re- 
duced to the ftate in which Dr. Goodwyn made 
his experiments, when he found them to con- 
tain log cubic inches. 

Admitting therefore the juftice of his calcu- 
lations, the inference which he draws from them 
will be inadmiflible ; the difference of capacity 
in the flates of expiration and of jnrpiratlon will 
C 2 be. 
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' he, the quantity of air that can be expelled after 
an ordinary expiration, (which I have edimatcd at 
170 cubic inches) added to 109, the quantity dill 
remaining in the lungs, in all 279 cubic inches ; 
and 279 added to 14, the meafure of a fingle in- 
Ipiration, equal to 2g3 inches ; but we fhall find 
that this meafure of a fingie infpiration is not 
correi5t. From this view of Dr. Goodwyn's %vork 
it appears, that though his experiments were in- 
genioufly contrived, and appear to have been care- 
fully executed, yet that romc of his mod impor- 
tant conclufions are erroneous, -' 

A lliort time after the appearance of Dr. 
Goodwyn's work, Dr. Menzies publiflicd his 
Eflay on Refpiration. He begins by inftituting 
an inquiry into the quantity of air employed in a 
fingle aci: of refpiration, and alfo into the capacity 
of the thorax, as Dr. Goodwyn had previoufly 
done ; but he arrives at conclulions which are 
materially different, and which there is every 
reafoii to conlidcr as much more nearly approach- 
ing the truth. He procured an allanioid capable 
of containing "MOO cubic inches, which was fixed 
to a tube furnillied with two valves, {aj The 
allantoid was placed at the valve c, Co as to re- 
ceive 

^<0 Vide Figyjfl" 
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oeive only the air of expiration, and he continued 
breathing into it until it was completely filled. 
By comparing the number of expirations with the 
bulk of the allantold, be calculated that each 
confifled of fomewhat more than 40 cubic in- 
ches, (aj This refuit he confirmed by fixing' 
another allanloid filled with air to the tube C, and 
from obfcrving the number of infpirations which 
this fecond allantoid aftbrdcd, he found the bulk 
of each infpiration to correfpond nearly with his 
previous eAimate of a fingle expiration. Not fa.~ 
tisfied with thefe calculations. Dr. Menzies had 
reoourfe to experiments of a different kind, A 
man was placed in a large veflel of water, warmed 
nearly to the temperature of the blood, and the 
degree of afcent or defcent of the water in the 
upper part of the veflel being accurately noted, 
from thefe data it was eafy to form an eftimate of 
the alteration in fize which the thorax undergoes 
during refpiration. fbj The trials made with this 
apparatus correfponded remarkably with thofc 
performed by means of the allantoid, and thus 
afforded a ftriking proof of their correiStnefs. In 
the experiments of Dr. Menzies there appears in- 
deed no aflignable caufe of error, and their co- 
incidence with each other, and alfo with thofe of 
Jurin 

CaJ Menxies, p. 30. CbJ p. 24 -30. 
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Jurin mentioned above, mufl: be conlidered as a 
powerful argviroent in favor of their accuracy. 

In attempting to eftimate the capacity of the 
lungs, Dr. Menzies adopts Dr. Groodwyn*s efti- 
mate of log cubic inches, as the mcafure of the 
air left in them after a complete expiration, and 
adding to this quantity 70 cubic inches, which 
he found he could ftill expef after an ordinary 
expiration, he fuppofcs 1 7g inches to be the 
bulk, of the thorax in the ftate of ordinary expi- 
ration ; to this he adds 40 cubic inches, which 
gives 219 as the capacity of the lungs after an or- 
dinary infpiration. (a) Thefe calculations of the 
bulk, of the thorax are probably below the truth, 
as there is no doubt that confiderably more than 
70 inches can be expelled from the lungs by em- 
ploying a powerful effort of expiration. 

Mr. Davy in his refearchea concerning the 
nitrous oxide, performed fome experiments for the 
purpofe of afcertaining the capacity of the lungs 
in their different Hates of ditlenfion, and the 
quantity of air received into them by a fingle in- 
fpiration. In order to determine this latter point, 
he merely praiftifed rcfpiration in a peculiar 
pneumatic 

(a) Mtnxlts p. 32. 
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pneumatic apparatus, until he had acquired the 
power of breathing in it without any extraordi- 
nary labour or attention, in a perfeftly natural 
manner. From a number of trials he conceived, 
that at each inipiration he took into the lungs no 
more than 13 cubic inches, (a) He alfo at- 
tempted to difcover the capacity of his thorax in 
a ftate of complete expiration ; he proceeded to 
the folution of this problem in the following 
manner. He endeavoured to prove by previous 
experiment, that when a quantity of hydrogene is 
refpired it is neither abforbed by the blood nor in 
any way altered, but is fimply mixed with the air 
contained in the lungs. He accordingly infpired 
a quantity of this gas, and then making a com- 
plete expiration, he afcertained what quantity of 
the hydrogene he had difcharged from his lungs, 
and what proportion it bore to the other gafes 
expelled at the fame time. From ihefe data he 
determined what quantity of hydrogene was ftill 
retained, and fuppofmg it to have been uniformly 
mixed with the whole air in the lungs, he cafily 
calculated the abfolute volume of air ftill remain- 
ing in them. Making the due allowances for the 
expanfion which it would experience from the 
heat of the body, he fuppofes that the capacity 

of 
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of his lungs in a ftate of complete expiration 
amounts to no more than 41 cubic inches, fa) 



'.. It is difficult to reconcile thefe eftimates with 
thofe of Dr. Menzies, which were apparently 
deduced from accurate and well contrived expe- 
riments. With re(pe6l to Mr. Davy's method of 
determining the bulk of a fingle infpiration, we 
may remark in general, that the quantity of air 
taken into ^the lungs varies fo much at different 
times, and depends in fo great a degree upon the 
will, that other circurallances being the lame, 
thofe experiments will fiand the bcft chance of 
accuracy in which an average is taken from a 
confiderable number of infpirations ; in this par- 
ticular ihe experiments of Dr. Menzies poflefs a 
decided fuperiopity. There is alfo another cir- 
cumflance to be noticed with refpeA to the pe- 
culiar apparatus employed by Mr, Davy, which 
may be fuggefted as a probable caufe of inaccu- 
racy. He informs us that he attempted to breathe 
in the mercurial air-holder in fuch a manner that 
the refpiration might require no unufual effort, 
and he concludes, that in this cafe the function 
would be exercifed in the fame manner as in its 
natural ftate. But in breathing into this appa- 
t J ratus. 
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ratus, notwithftanding the nice adjuftment of its 
parts, fome degree of refiftance is to be overcome, 
which does not cxift in ordinary refpiralion, and 
therefore if the fame degree only of exertion be em- 
|doyed, a lefs quantity ofair will certainly be emitted 
irom the lungs. It would require a number of 
fucceffiveiefpirations greater than appears to have 
been employed by Mr. Davy, before any painful 
fenfation will arife from this impediment ; unea- 
(inefs in the organs of refpiralion is produced 
more readily by an alteration in the quality than 
the quantity of air received into them. 

The eftimate which Mr. Davy has formed of 
the capacity of the lungs, in theftate of complete 
expiration, differs fo materially from other di- 
rect experiments, and is fo incompatible with the 
ideas which are derived from a confideration of 
the anatomical ftruilure of the thorax, that it is 
impoffible to avoid fufpedllng the exiftence of 
fome error or fallacy in the proccfs which he cm- 
ployed. The only conjecture which occurs to 
me, in any degree likely to remove the difficulty, 
is the fuppofition, that the hydrogene was not dif- 
.fufed uniformly through all the cavities of the 
lungs ; a fuppofuion which is in fome degree 
countenanced by the confideration of the different 
fpecific gravities of the gafcs, and which derives 
• confirmation 




confirmation from the experiments of M. Jurine, 
of Greneva. He received the air of one expira- 
1 into four diiFerent veflels, and he found the 

i ^fl^rent portions of air to exhibit different che- 
teical properties. According to the order ia 
which they had been expelled from the lungs, 
they contained a greater proportion of oxygene, 
And a fmaller of carbonic acid. Hence it may 
■be conjeiftured, that in the experiment of Mr. 
Davy, the hydrogenc which he had infpired, had 
not mixed itfelf with the air contained in the 
Veficles, in the fame proportion as in the larger 

ffcranches of the trachea, confequently the air 
ttpon which the experiment was made, would 
ntain a greater proportion of hydrogenc than 
Ifce average of the whole air contained in the 
'lungs, and the ellimate of their capacity, taken 
from the quantity of hydrogenc, would be nccef- 
ijirily below the truth, (aj 

The experiments which I have related of 

. ^Goodwyn, Menzies, and Davy, are the moft ac- 

p.eurate that have been performed upon the mecha- 

ftifm of refpiration ; it will however be proper to 

wtice the eflimates of fomc other authors, even 

hough we may find them to be lefs fatisfa^lory. 

An 
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An interefting account is given in the En- 
cyclopedic Methodique (a) of fome experiments 
performed by M. Jurine, on the chemical change 
produced upon the air by refpiration in diiferent 
conditions of the body. In the courlc of the 
detail, he is led to mention the buli^ of a fingle 
infpiration, which he eftimates at 20 cubic incheg; 
this the editor, M. Hall6, confiders as too large 
a quantity ; but there is no mention made of the 
reafons upon which the opinions either of M. 
Jurine, or of M. Hall£ are founded. Mr. Kite, 
in his cflay on fubmerfion, ftates the quantity of 
air received by an ordinary infpiration to be 1? 
cubic inches, (b) and M. Delametherie, the 
learned editor of the Journal de Phyfique, re- 
duces it to a much lefs quantity, (c) in neither 
inftance, however, are we informed of the experi- 
ments by which thefe refults were obtained. Mr. 
Abernethy employed an inverted jar filled with 
mercury, and by refpiring as much as poflible 
in the ordinary manner, he espelled from the 
lungs la cubic inches, (d). 

Mr- Coleman, in the courfe of his work on 
fufpended refpiration, is led to compare the capa- 
city 
*ii . 

(a) ArlieU Medecine, I. i. p 493, ts" seq. (bj p. 47. 
fcj Journal de Physigui, f. xlv'i. p. 106. 
{dj Eisays, p. 142. 
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city of the lungs after drowning, with their capa- 
city in a flate of health, and thus to dil'covcr the 
I'^tminution which the cavity of the thorax experi- 
IjKnces in a ftate of complete expiration. He con- 
ilidled bis experiments by applying a ligature 
out the trachea of an animal which he had 
previoufly drowned, he then detached the lungs 
from the body, and prefled out all the air into 
«n inverted jir of water. He afterwards inflated 
the lungs, and noted the quantity of air they were 
.capable of receiving when fully diftended ; thefe 
two quantities he compared together faj. The 
(tfults of his experiments were very different 
■from what might previoufly have been expelled ; 
the lungs of a cat, which when inflated were 
capable of holding l6 drachms of air, after 
drowning, were found to contain only half a 
drachm ; and in a dog, which he killed by hang- 
ing, the proportions were ftill more extraordi- 
nary, nearly as forty-three to one. We have no 
reafon to doubt either the faithfulnefs with which 
thefe experiments are related, or the accuracy 
with which they were performed, yet, as the 
lungs always exadlly fill the cavity of the; thorax, 
tbey cannot be reduced in capacity without a 
proportionable rcduflion in the fize of tiic cavity 
containing 

(■a) p. gi. t^ 3cti. 
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containing them^ ind it ieems Itlmoft mcbntciV" 
9hle, that fo enormbui^ a difference could take 
place in the capacity of the thorax Of the fame 
animal, (a) We niay therefore conjedture that 
there exifis a fource of fallacy arifing from thb 
nature of Mr. Coleman's experiments., I :f]}aU 
point out fomecircumflances which may/ in part 

at leaft, remove the difficulty. • . : / 

t • ■ 

: • ■ . • • • • • 

■ I ' . « . . ■ ■ 

.. When au animal is killed by interrupting tha 
paiiage of the air into the bronchial veilels^ wbati* 
ever ipaybe confidered as the immediate caufe of 
deaths it is fpund^ that a confiderable .portion (^ 
the air which: is: left in the lungs is converted,. inijp 
carbonic i^cid gas. According to the plan ppi^n 
which Mr. Coleman, conducted his experiments^ 
a part^ at leaA^ of this gas mud neceflarily.liave 
been abibrbed by the w^^i" through which i|: was 
received, and upon which it was lodged ;\cpn(e^ 
qua[itly his eftinnate of the quantity of air left in 
jthe lungs ^ Ul be lefs than the truth. This ab- 
forption of carbonic acid gas may tend in ibme 
degree to reconcile the apparent contradidion in 
Mr. Coleman's experiments, but the circumftance 
which I (hall next point out is more exteniive in 
its operation, and will have a much more impor- 
tant effect upon our reafonings. 

When 

{a J Note 15. 



When an animal is in the oA of drowning', 
' Hht. fenfe of fuffocation which is experienced pro- 
duces a violent effort to expire. All the mufcles 
which can conduce to this efFeft are brought into 
ftrong aiJlion, and contrafled to the utmoft, in 
order to expel from the lungs as large a quantity 
as poffible of the air which is contained in them. 
Thcfe mufcles, however, becoming exhaulled by 
their efforts, are quickly relaxed, and the thorax 
I leturns nearly to its natural dimenfions. In con- 
I'fcquence of the fituation in which the animal is 
^'placed, the external air has no accefs to the lungs, 
End on this account the air which remains in 
I -fliem becomes confiderably rarefied. Owing to 
this circumftance, a portion of the mucous fluid 
I "which lines the membrane of the veficles is con- 
r terted into an aqueous gas, which is mixed with 
I the rarefied air, and fills the cavities o£ the 
f hings. (a) The uneafinefs of the animal continues 
1 to encreafe, and after a fhort time, a fecond vi- 
olent effort to expire cnfues, and a part o( this 
i rarefied air, together with (bme of the aqueous 
tapour, is forced out. This procefs is repeated 
until a large proportion of the air originally con- 
tained in the lungs is excluded from them, and 
the powers of the animal being completely ex- 
haufted, 
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hauiled, the refpiratory organs ceafe to a6t. U 
ia obvious on the firft view of the fubjedl, that 
in the method of experimenting employed by 
Mr. Coleman, all the aqueous vapour was en- 
tirely difregarded in his ellimate of the contents 
of the lungs. When they were removed from 
the thorax and expofed lo the preflure of the 
atmofphere, the grealeft part of this vapour would 
be immediately condcnfed^ and any portion of it 
which Aill retained its elaftic form, would be 
totally deftroyed in its pallage through the water 
coittained in the inverted jar fa). It may be far- 
ther remarked, that owing to the circular fliape 
of the bronchia and veficles, and more efpeci- 
ally to the cartilaginous texture of the former, 
it is impoflible by mere preflure to expel all the 
air which they contain. When they have once 
been rendered pervious by infpiration, no de|^ee 
of comprcflion can render them fpecificatiy hea- 
vier than water ; it is e\'en doubtful whether this 
effeift can be produced by placing them in the 
vacuum of the air pump : (bj but it does not ap- 
pear that thefc precautions were employed in the 
experiments now under conlideration. 

From the circumftances which I have pointed 
out, 

foj Note 17, 
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Out, it is evident that Mr, Coleman has eftimated 
below the tfuth the capacity of the lungs in their 
ate of complete expiration, and there is reafon 
» apprehend, that in determining their capacity 
in the ordinary condition of infpiration, he has 
fallen into the oppofite error. In order to afcer- 
tain this point, he detached the lungs from the 
body, and after diftending them with air, mea- 
fured their contents by preffing it, as in the for- 
mer experiment, into a graduated vclTel filled 
with water. From the ftrutfiure of the lungs, and 
the elafticity of their fubftancc, it is not impro- 
bable that when they were in this manner fully 
diftended, they would be ftretched to a fize be- 
yond what they occupied while contained in the 
cavity of the thorax, (aj 

■ ■ Thefc remarks upon the method by which the 
procefs of refpiration is cfFeited, will (hew, that 
though phyfiologifts are agreed as to the mecha- 
nifm by which the air is received into and feat 
out of the lungs, yet that with refpeft to their 
relative capacity in the different ftates of refpira- 
tion, their opinions and experimenls are much at 
variance. 

Before we can arrive at a perfedt knowledge 
of 
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o( this part of the iubjedl^ it will be neceilary to 
aicertain precifely the 5 following points. 1ft. 
The quantity of air received into and fent out 
of the lungs in an ordinary a6l of refpiratioti. 
2d. The proportion which this bears to the quan- 
tity of air contained in the thorax after an ordi- 
nary expiration^ which may be confidered as the 
natural condition of the thorax. 3d. The quan- 
tity of air which can be i^W expelled after an 
ordinary expiration; and 4th. The proportion 
which this bears to the air ftill left in the lungs^ 
which will meafure their ftate of complete expi- 
ration. Laftly. The quantity of air which can 
be taken into the lungs by the greateft efibrt of 
infpiratioo. 

The firft of thefe points is^ I apprehend^ af- 
certained by the experiments of Dr. Menzies. 
Though the calculations of other phyfiologifts are 
confiderably different^ yet^ there feems no obvious 
fource of inaccuracy in the proceftes which he 
employed^ and the coincidence of the difterent 
experiments with each other is certainly too re- 
markable to be merely the efiedt of accident. 
Refpiration is an a6l fo much influenced by ex- 
ternal caufes, that we can never expedt to attain 
any certainty as to the quantity of air ordinarily 

D received 



received into the lungs, without taking the ave- 
rage of a confiderable number of infpirationa. 
By means of the allantold, Dr. Menzies was en- 
abled to compare together 56 ; in this refpecfl 
alone bis experiments poflefs a decided fuperiority 
over thofc of any other pliyiiologlil. The coin- 
cidence which took, place betweien the refuUs of 
his experiments performed with theallantoid, and 
thofe in which a man was placed in a veflel of 
warm water, convey to the mind an almoft irre- 
fiftiblc conviction of their truth. We may there- 
fore conclude, with refpei5l to the firft of thefe 
points, that 40 cubic inches is the quantity of air 
employed in an ordinary ai5t of refpiration. CaJ 



The proportion which an ordinary expiration 
bears to the quantity of air (lill left in the lungs 
has been varioufly eftimated. The calculations 
of the older writers upon this fubjedl feem to 
have been very incorrefl. It appears that in per- 
forming their experiments they removed the lungs 
from the thorax, and then obferved what quan- 
tity of air they were able to force into them, in 
, order to their complete diflcntion ; but the un- 
certainty of this mode of proceeding is fufficiently 
obvious. Dr. Menzies eftimated the medium 
capacity 

{aj Note 18. 



capacity of the lungs in a flate of ordinary expi- 
ration at 179 cubic inches ; I have already Hated 
the reafons which induce me to conlider this 
quantity as under-rated, and to conceive that the 
lungs in their natural condition contain about 
280 cubic inches of air. 

The experiments and obfervations which have 
been made to determine the quantity of air left 
in the lungs after a complete expiration, have 
been pretty fully detailed, and it appears, that 
notwithftanding the ingenuity and labour which 
have been exercifed upon this point, it muft ftill 
be conlidered as undetermined. Upon the whole. 
Dr. Goodwyn's cftimate of 109 cubic inches is 
the nearefi: approximation to the truth, though, 
probably, not altogether corrwft. 

From the above data it may be eftimated, that 
by each ordinary expiration j part of the whole 
contents of the lungs is dlfcharged, and that by 
the mod violent expiration, fomewhat more than ^■ 
of the air contained in them is evacuated. Sup- 
pofing that each refpiration occupies about 3 fc- 
conds, (aj a bulk of air nearly equal to three 
times the whole contents of the lungs will be 
D 2 expelled 

faj HalliT, viii, 4, 29. Thomtan'i Chemhtry, v. iv. p. 465. 
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eXpel^dila a minute^ or about 41 J4i times, t^r 
bulk in. 24 hours.; iTbe quantity ; of aicxefpired 
daring the diurnal period^ will be 1152000 cubic 
iadbcB^ or 666i cubio fedt. 
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Inquiry into the cause of the JLrst Inspiration^ 
and of the Alternation of Inspiration and Ex-- 
piration. ' , ' 

IN viviparous animals refpiration commences 
immediately after birth, when the circulation 
which had been previoufly carried on between th^ 
mother and tb^ foetus is interrupted, (^aj . The 
manner in which the commencement, of this im« 

' • • • 

portant adiion is j^fk&jcd, and the change which 
is then produced in the animal confiitution, fb 
as to render this fun<^ion abfolutely neceilaiy for 
the continuance of exiftence, have been fre- 
quently made the fubjedt of inveiligation. The 
latter of thefe inquiries is the foundation of 
the celebrated problem which was propofed by 
Harvey for the confideration of his contemporaries. 
'^^ Quomodo nempe embryo," he alks, ^^ poft 
'^ feptimum menfem in utero matris perfeveret ? 

« cum 

(aj Note ig. 



" cum tamen co tempore exclufus ftatim refpiret ; 
" imo vero fine refpiratione ne horulam quidem 
" fupcreflc poflit ; in utero autem manens ultra 
" nonum menfem, abfque refpirationis admlni- 
" culo, vivus at fanus degat," (a) This quef- 
tion may be flated ftill more generally; why is 
the animal which has once refpired, under the 
neceffity of continuing the refpiration without 
intermiflion ; when, if the air had never been 
received into ihe lungs, the fame animal might 
have remaineiS for fome time without csercifing 
this fmi£lion ? 

Several of the older phyfiologllls propofed an- 
fwers to this queftion, but they were founded 
either upon theories which are now univerfally 
difcarded, or upon miftaken notions refpetSling 
the ufe of refpiration. Dr. Whytt's hypothefis 
is the firft which I ihall notice ; it is not indeed 
free from objet^tions, but it deferves attention on 
account of the reputation which it long main- 
tained in fame of the moft difiinguiftied fchools 
of medicine. 

This author commences his inquiry into the 

caufe of the firft infpiration by remarking, that 

before 

(a) Uarvtii Exerc. de gen. aHim. p. 36l. Haller.vm.S, 1. 



before birth, the bloqd of the rpflfher is properly 
prepared for the ufe of the fcetiis, but that when 
the communication between them is interruptet), 
it becomes peceffary for the young apimal to per- 
form the requifite alteration in its fluids, by means 
of its own refpiration. As the uneafy fenfations 
of hunger and thirft excite in us a tlefire of' food, 
when it is wanted for the nourifliment of the 
body, fo immediately after birth, ffoip the want 
of frelh air in the lungs, there arifes an uneafy 
fenfation about the thorax, which ipay be confi- 
dered as the appetite for breathing. This appe- 
tite he coniiders as natural to the newly born 
animal, and the expaniion of the cavity of the 
thorax is efFedted by the feiitient, at^live principle, 
in order to prevent the fatal conlec|uence which 
would cnfue from the deficiency of air in the 
lungs. Dr. Whytt proceeds to obferve, that this 
appetite for air commences only at birth, becaufe, 
in confequence of the ftruggles of the foetus at 
this period, its circulation will be confiderably 
quickened, and the lungs will receive a larger 
fhare of blood than previoufly pafled through 
them ; this Simulates them into action, and feems 
to be the immediate caufe of the appetite for 
breathing. He farther urges, that the circum- 
ftance of the animal being now immcrfed in a 
medium which is proper for refpiration, and 
having 



having the air applied to the face, mouth, and 
noftrils, may caule it to attempt this new a£tion 
of the thorax. Upon the whole he confidera 
breathing " as owing to a peculiar fenfation of 
" the body, which determines the mind or fenti- 
" ent principle to put certain mufcles or organs 
" in motion." 

With refpetfl to the problem propofed by 
Harvey, which was mentioned above, be obferves 
it " to be of fo very cafy folution, that it is not 
" 3 little furprizing, that many phyfiological 
" writers fhould have attempted it in vain." 
When the foetus has once breathed, he remarks, 
that the blood which formerly pafled through the 
foramen ovale 8e ductus arteriofus, now pailes 
through the veflels of the inflated lungs, and will 
ever after continue to flow through them. If, 
therefore, the refpiration be difcontinued, the 
blood will ftagnate in thefe vefl'els, and the ani- 
mal will be fuffbcated, bccaufe, according to his 
hypothefis, the alternate motion of the lungs in 
refpiration, is abfolutely ncceflary to carry on the 
circulation of the blood through them, (a) 

Haller conceives that the ftetus, having before 
Wrth been in the habit of fwallowing a portion 

of 
(a) On Vital Motions, Sect. g. 
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of the Haid in which it is immerfed, after it 
leaves the uterus, continues to open its mouth for 
the reception of nutriment, when a portion of 
the air with which it is now furrounded, is nc- 
ceflarily taken into the lungs. The veficles be- 
ing thus expanded, permit the blood to pafs 
through the pulmonary veflels, which was for- 
merly tranfmitted by the foramen ovale and 
du£tas arteriofus. The lungs then acquire the 
condition of thofe of other breathing animals, 
and like them require a regular fupply of frelh 
air to prevent the blood from flagnating in its 
paflage from the right to the left fide of the 
heart, (a) 



The following folution of this difficulty is pro- 
pofed by the celebrated author of the Zoonomia. 
Dr. Darwin imagines that the power of degluti- 
tion is acquired by the foetus before it leaves the 
uterus, :n confequence of its repeated attempts 
to fwallow a part of the liquor amnii, in which 
it is immerfed ; but the ai5l of deglutition is of 
(b different a nature from that of infpiration, that 
he thinks this latter cannot be acquired before 
birth. When the circulation is interrupted be- 
tween the mother and the foetus, that ditkgreeablc 
'enfation is experienced by the infant, which 
arifes 

(a) Note 20, 
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arifes from the want of fredi air ; all the mufclea 

of the body are put in motion to relieve this 

r snxiety ; and among others, thofe of the breaft, 

L ribs, and diaphragm. The a<5tion of thefe being 

F found to ani'wer the defired end, " refpiration is 

■ difcovered," and the fame action is ever after 

repeated when the difagreeable ftnfation recurs. 
\ faj It will be unneceflary to enter into e formal 
1 refutation of ihcfe theories; though they may be 
I entitled to the praife of ingenuity, they are evi- 
[:l}ently built upon the afTumption of principles 
r which are at lead doubtful, if nor untenable. 
("The queftion concerning the commencement of 
rreTpiration is fo intimately connected with the 
I ideas which we entertain refpedting its ufes, that 
I we can fcarcely expeift a complete folution of the 
LdiiHculty until we have previoufly ascertained the 
tinirpores which this fun6tion ferves in the animal 
tttconomy. There are, however, fome pecnlia- 
l-Rties in the ilrui£ture and mechanifm c^ the ref- 

piratory organs of the foetus, which it will be 

proper to notice in this place. 



The lungs of an animal which has never re- 
fpired, are of a firm and compadl texture, and fo 
condenfed, as to have a fpecific gravity greater 
;n that of water ; whereas, no mechanical pref- 
fure 

faJ Zoonomia, v. i. Seel. \6. 4. 



fure is found fufficient to evflcuate them, fo far 
as to caufe them to fink in water, after they have 
been once inflated, (a) In this ilate the pulmo- 
nary arteries and veins receive only f part of the 
quantity of blood which circulates through them, 
after they have been diftended by the adl of in- 
fpiration. (b) The cavities of the bronchia and 
air vcficles are nearly obliterated, and that part 
of them which remains pervious, is filled with a 
peculiar mucous fluid, (c) As the lungs are in 
all oafea contiguous to the parities of the ihorax, 
it is obvious, that the fize of the cavity containing 
them, while in this condenfed ftate, niuft be pro- 
portionably contrailed. Accordingly we find 
that the arch of the ribs is deprefled, by which 
means the fternum is made to approach nearer to 
the fpine, the diaphragm is pufhed up into the 
higher part of the cheft, and its concavity towards 
the abdomen is confiderably greater than il is 
ever found to be in an animal which has once 
refpired. (dj 

The fpace occupied by the lungs themfelves 

is ftill farther diminiflied by the great fize of the 

heart in the fcetus, and by the intcrpofition of the 

thymus 

(a) Boer.prtelict. I. v. Pan 2a. p. 457. Pel'l, Mem. Acad. 
1/33. (b) Halter in Boer. Frml. t. ii. p. 172. CeJ Petit, 
iiti supra, (d) Senac, Mim. Acad. ]?24, 



thymus between the lamms of the mediaftinum. 

(a) This contradled Hate of the thorax is in part 

alfo produced by the pofture of the fffitus before 

binh J the head is bent forwards, to that the chin 

refts upon the breaft, the fpine is arched, and 

the knees are railed up to meet the face^V 

The abdominal vifcera are therefore pufhed 

ftrongly againft the diaphragm, and lb far io- 

creafe its curvature, that a confiderable portion 

V of them is forced into the region of the thorax : 

I the liver, which in the fcetus is unufually bulky, 

(c) is entirely concealed by the ribs. As foon 

L however as the animal leaves the uterus, its 

I pofition is changed, the limbs and the trunk are 

. ftraightened, and the preffure confequently re- 

» iioved from the thorax and abdomen ; the elafti- 

f dty of the cartilages of the ribs being at liberty 

to aiS, raifes the arch of the thorax, and thus 

f'increafes the diflance between the fternum and 

the fpine ; the liver and the reft of theabdominal 

vifcera fall down into their proper fituation, and 

I permit the diaphragm to defccnd and aflume the 

I curvature which is natural lo it after birth. 

While 



(a) Hallir, Jt«is. 4. 33. do. in Boer. PtieI, t. v. Pars 2a, 
I p.45Q. 

(hj HarvHi Exit, de genir.anim. p. 353. Denmatt's Mid- 
mifery, v. i. p. 293. 
(c) Halltr, ttbi lupre. 



While thefe changes are going forward in the re- 
lative polition of the contents of the thorax and 
abdomen, the increafed fize of the former cavity 
caufes the air to rufti through the open mouth of 
the animal into the bronchial veficles ; whence 
the blood, meeting with lefs refiftance to its paf- 
fage through the veflels of the lungs, than through 
the foramen ovale is propelled along the pul- 
monary artery. The refpiratory organs are then 
in their natural condition, or in the ftate of mo- 
derate expiration, and the iieceffity for an infpi- 
ration depends upon the fame caufe, which ren- 
ders the alternation of expiration and infpiration 
eflential to the future exigence of the animal. 



It appears therefore that the firft degree of 
expanfion which is produced in the lungs of the 
foetus, is not effected by mufcular contraction, 
but depends merely upon the removal of exter- 
nal preiTure, which permits the different parts of 
the thorax and abdomen to affume their natural 
pofition ; the confequencc of this new fituation 
of the vifcera is an encreafe of the capacity of 
the cheft, and this fpace is immediately filled with 
a portion of the furrounding air. Any farther 
encreafe of the fize of the thorax muft be ef- 
feCled by the contraction of the diaphragm and 
intercoftals ; perhaps in ftriift propriety this muf- 
cular 




cular contratflion ought to be confidered as the 
' firft beginning of the a^ion of refpiration. 

Nearly allied to this inveftigadon concerning 
the commencement of refpiration, is a queftion 
which has alfo been the fubjedl of much difcuf- 
fion among phyfiologifts, viz. what is the imme- 
diate caufe of the fucceffive alternations of in- 
^iration and expiration ? 

The folutions which have been attempted of this 
<jueftion, have been no lefg numerous than thofc 
trefpedling the caufe of the firft iofpiration, but 
as the fubjecl is in itfelf perhaps more obfcure, 
fo we fhall find the explanations which have 
been advanced, ftill lefs fatisfaflory. I fhall men- 

>-tion the opinions of Haller and Whytt, which 
are the leall exceptionable, and are fliU received 

\ -by many refpe<51able phyfiologifts. 



Haller, proceeding upon the fuppofition that 
ia expiration the paflage of the blood through 
(tlie lungs is impeded, obferves, that a preflTure 
"Upon the brain, and a reflux of the blood through 
<hc %xin8, will be produced from this circum- 
ftance. Hence arifes a neceflity for encreafing 
I <he capacity of the thorax, in order to remove the 
^gonrorefRon of the pulmonary veflels, and in 
confequencc 



confequence of a painful fenfe of anxiety or 
fuffocalion, proceeding from a partial flagnation 
of the blood, the will calls into aftion the muf- 
clesof infpiration, which remove the impediment 
to the tranfmiffion of blood through the lungs, 
and confequenlly the painful feeling which was 
caufed by the obftniflion. The lame uneaty 
ienfations are however produced by infpiratton, 
when protra<5led beyond a certain period ; the 
mufcles therefore, which were acting to enlarge 
the thorax, ceafe to contradl, their relaxation is 
followed by a ftate of expiration, which conti- 
nues until the reliftance to the paflage of the 
blood recurs, add brings back, the confequences 
flated above. Haller confiders the adion of the 
mufcles of refpiration as altogether voluntary, (a) 

Dr. Whytt offered an explanation in many 
refpefts fimilar to that propofed by Haller. He 
conceives, that the paflage of the blood through 
the pulmonary veflels, is impeded by expiration, 
and that a fenfe of anxiety is produced from 
this caufe ; this unpleafant feeling adls as a fti- 
mulus upon the nerves of the lungs, and excites 
the energy of the fentient principle, which by 
caufing a contraiftion of the diaphragm, enlarges 

the 
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the thorax, affords a free paflage to the blood, 
and thus removes the unea(y fenfation ; when the 
bilimulus no longer exiiling, the mufcles ceafe 
to ad. faj 

The queftion under confideration embraces 
two diftiniS fubjeds of inquiry ; we have in the 
£rft place to afcertain the caufc of the ncccffity 
for the admiffion of frefh air into the lungs, and 
fecondly, we have to invefiigate the connexion 
which fabfifts between this caufe and the coo- 
traftion of the diaphragm. The firft of thefe 
is fo intimately conncfted with the opinions 
which we may adopt refpeifting the ufe of refpi- 
ration, that the farther examination of it muft 
be necefTarily poftponed to a fubfequent part of 
* the eflay. I (hall therefore conclude this chap- 
ter, with a few obfervations upon the latter part 
of the inquiry, viz. the nature of the connexion 
which fubfifts between the peculiar ftate of the 
lungs produced by an interruption to the refpira- 
tion, and the contradllon of the diaphragm. 



As the alternate motion of the thorax in 
refpiration, proceeds without interruption in all 
the different conditions of the body, it is impro- 
per, in attempting to affign a caufc for it, to 

have 
CaJ rfliytl on fi/nl Malions. lecl. 8. 
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have reqourfe to any efFe<fts which are produced 
only in extraordinary circumftances. ; we cannot 
therefore eftablifti our hypothefis, upon a ftate of 
the lungs which takes place only in long conti- 
nued or laborious refpiration. On this account 
the firft poiition in the hypothefes of Haller and 
Whytt is inadmiflible, fince it fuppofes the ex- 
iflence of a peculiar ftate of the pulmonary cir- 
culation^ which does not appear to take place^ 
unlefs where the mufcles of refpiration have been 
a^ing in the mofl: violent manner. It may be 
doubted^ whether in ordinary cafes an uneafy 
feeling of fuffocation a6hially occurs^ as we are 
only fenlible of this efFed, when the lungs are 
comprefled or diftended in an unufual degree, 
or when the air has been too long retained in 
them without alteration. Admitting howevef the 
exiftence of this uneafy feeling, and affuming 
it as the efficient caufe of the Succeeding enlarge- 
ment of the thorax, we fhall hereafter endeavour 
to aflign a more probable caufe for it than the 
ftagnation of the blood in the lungs. 

One of the propertieis which, in an efpecial 
manner^ diftinguifhes the living body from every 
other kind of matter, is its irritability, or the 
power which certain parts of it poflefs of contra($l- 
ing themfclves under peculiar circunjfiances. 

" E This 



This power refides in the niufcukr fibres, and is 
\ 'aever exerted unlels when called into adion by the 
appUcation of a ftimulus. Stimuli are external or 
internal ; under the firft denomination are com- 
I prebended a great variety of bodies which have 
Scarcely any property in common, execpt their 
I efFedl upon the mufcular fibre. The internal 
' flimuli confitl of afFedions originating in the 
bervous fyftem, of the paflions and emotions of 
[ the mind, and in a remarkable manner of the 
i exertions of volition. The motions which rcfult 
|4rom thefe contra<ftions have been varloufly ar- 
y ranged, either according to the caufe producing 
L them, or to the purpofcs which they ferve in 
I ihc animal ceconoray. One of the moH com- 
r. inon, and at the fame time, one of the moft im- 
kportant divifions, is into voluntary and involun- 
l ftary motions, an arrangement obvionfly founded 
KOpon the Ihare which the will has in their pro- 
MU'^ion. There are a very confiderable number 
l.<if animal motions, which are intermediate be- 
i jtween the two extremes ; thefc are to a certain 
extent produced by the application of external 
iUmuli, and confequently independent of voli- 
tion ; yet within certain limits we have it in our 
power to encreafe or reftrain them. Animal mo- 
tions which are produced by external ftimuli, arc 
diftinguifhed from each other, according to the 



manner in which the flimulus is applied ; in ge- 
nera! the motion is excited in the part upon 
which the Itimulus immediately aifls, while in 
other inftances, the ftimiilus is appHed to a part 
which has little apparent connexion with that in 
which the motion is ultimately produced. Al- 
moft all the voluntary aifiions are of this complex 
defcription, and fome of thofe alio which are 
produced by the agency of external {limuli. 

There is a clafs of motions of very peculiar 
importance in the animal osconomy, which have 
obtained the name of inftindtive actions; tbey 
leem to originate primarily from the operation 
of external ftimuli, but the effeift is generally 
produced in a part different from that to which 
the ftimulus was applied. In the firft inftance 
they appear to be totally independent of voli- 
tion, though, after they have fubfifted for fome 
time, the will acquires the power of modify- 
ing their extent and duration. The procefs of 
deglutition, the motion of the eye lids, and the 
evacuation of the inteftinal canal, may be adduced 
as inflances of this fpecies of animal aftion. 
Here, the animal immediately after birth, pro- 
duces an efFe<S depending upon the co-&peration 
of a complicated fyftem of mufcular contractions ; 
the efficient caufe, appears to be a Simulating 
£2 body 
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body applied to a part often remotely conncAcd 
with the mulcles which are excited into adtion, 
where the animal, muft of neccffity, be entirely 
ignorant of the propofed efFedls, and perhaps 
fcarcely confcious of their exiftence. (a) 



To apply thefe obrervations to the aflion of 
the thorax : it appears, that when the blood has 
remained for fome lime in the pulmonary vefTels, 
without the accefs of frefli air, it undergoes a 
change, either in its compofition or its diftribu- 
tion,, which caufes it to act as a ftimulus to the 
diaphragm, and excites this mufcle to contradl. 
The connexion between this change in the flate 
of the blood, and the contraflion of the dia- 
phragm, we are unable to explain, and we can 
only recognize it from its effetSs ; whether it be 
produced by an alteration in the chemical pro- 
perties of the blood, or whether it depend upon 
an accumulation or deficiency of it in any part of 
the thorax, whether the ailion be direflly upon 
the diaphragm or its nerves, or whether it be 
brought about by the intervention of any neigh- 
bouring organ, are queflions which the prefent 
flatc of our knowledge will not permit us to an- 
fwcr. But in whatever manner the contradlion 

of 

(a) Note 21. 




of tlic diaphragm be produced, the confequent 
enlargement of the thorax admits the accefs of 
air "into the puhTionary veficles ; the blood is 
thus enabled to undergo the neceflary change, 
and the ftate which caufed the contraiJlion of the 
diaphragm no longer exitling, this mufcle be- 
comes relaxed, and expiration enfues, If the 
juftice of thefc remarks be admitted, we may di- 
vide refpiration into three diftinc\ fpecies, each of 
which originates from a different principle of 
aiflion. What has been juft defcribed, which 
may be confidered as the ordinary procefs of re- 
fpiration, is the firft fpecies ; in this the cffefl 
feems to depend upon the adlion of a (limulus 
applied to an irritable part. When, however, 
from any accidental or morbid caiife, the regular 
train of aclions is interrupted or impeded, fo as 
to prevent the blood from undergoing the necef- 
fary change in its compolition, an unealy fenfa- 
tion arifes, and we arc urged by an inflindtive 
feeling to encreafe the contradion of the inter- 
coftals and diaphragm, and to employ the ex- 
ternal mufcles of the thorax. Thefe motions, 
which produce the fccond fpecies of refpiration, 
mull however, be ftill confidered as independent 
of volition, becaufe they take place to the fulleft 
extent in thofe cafes where we cannot fuppofi: the 
powers of the will to be exercifcd cither diredtly, 
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or by. the iiiterventl<Mi of aiTociation. Asliovr^ 
ever we gradually advance in. life^ we acquire <a 
degree of voluntary power over the mufclea 
which are fubfervient to re^ratiod^ and can £> 
far conntemdl the irritative^ or inftin^Hve mo- 
tions^ as very confideraUy to accelerate or retard 
their action « In thiB manner it produced the 
third fpecies of refpiration, or that which depends 
%|on the exemifii of rolition.fa) 

(k) Not* 3SL 



PART IL 

THE DIRECT EFFECTS OF EESPIRATION, 

TtJE ^reciqffects of respiration may ^e conveniently arrange 
under three divisions; the mechanical ^ects produced hy 
ihe dUaiation and contraction of the therax ; tht change 
produced in ihe i$ispired air; mnd ihiuUeratim which ike 
blood experiences during its passage ihr4>ugh 
•f the lungs. 



CHAP. I. 

The Mechanical Effeqt^ produced by ihe 
tion and Conimciion of ihe Thatux, 

The procefs by which the cavity of tbe thorax 
is alternately dilated and contraded^ and a por- 
tion of the air of the atmofphere received into 
and emitted from the bronchial veflels of the 
lungs^ has been already defcribed. I propofe in 
the prefent chapter to examine what efiedls will 
be produced upon the contiguous parts^ by the 
perpetual change* of bulk which the thorax ex- 
periences. The older phyfiologifis, whofe know- 
ledge refpoSting the fciniSUon of refpiration^ was 

for 



for the moft part, very limited, and who were en- 
tirely ignorant of the nature of the chemical 
changes produced upon the air and the blood, 
were led to diredl their attention more particu- 
larly to its mechanical effects. The quedion, 
^ whether the blood was tranfmitted through the 
lungs with more eafe during the flate of infpira- 
. tion or of expiration, was minutely difcuiled, and 
a number of experiments were performed to de- 
cide upon this point ; but they will be found to 
apply rather to what takes place in extreme cafes, 
than to the ordinary procefsof refpiration. When 
I'attempts have been made to refolve ihis queflion 
L by a diredt experiment upon a living animal, the 
I'lofs of blood, the pain which was necefiariiy in-- 
(kflitSed, and more particularly the agitation into 
[which the organs of refpiration were thrown, 
i render the refuks of comparatively little value. 
Fib far as they relate to the ordinary a£lion of the 
thorax; though wecertainly learn from them, that 
.the blood is tranfmitted through the lungs with 
I more facility in the extreme flates of infpiration 
Lthan of expiration. In an esperiraent performed 
by Dr Hales, where a tube was inferted into the 
crural artery of a horfe, the blood was evidently 
propelled to a greater height when the animal 
lighed deeply, which miitl be attributed to the 
*encreafed capacity of the lungs, permitting the 

blood 
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jblood to pafs more freely through the pulmonary 
vetrds.faj But though from this experiment, 
and othei*s of a fimilar naturie related by Haller, 
it feems proved, that in thefe extraordinary . cafes, 
the pafTage of the blood through the. lungs is af- 
feded by their ftate of diftention, we muft not 
conclude that this efFedl is produced in the ufual 
alternations of refpiration. There are indeed 
ftrong reafons in fupport of the contrary opinion. 
In the healthy ftate of the body we refpire ^bout 
twenty times in a minute, while the average velo- 
city of the pulfe is about eighty, fo that tlie 
heart contrails four times during one a6l of refpi- 
ration, (b) and confequently it muft receive its 
fupply of blood from the lungs in all the different 
conditions of diftention to which they are fubje^t, 
yet we do not find that the pulfe is afFefted, either 
with refpedl to its ftrength or its velocity, fcj It 
is difficult to produce any effedl upon the pulfe 
by the moft powerful voluntary efforts of infpira- 
tion or of expiration, yet in thefe cafes, the cavity 
of the thorax certainly undergoes a much greater 
change in its dimenfions, than that which it expe- 
riences in its ordinary adion. 

The contrary dodlrine was however, main- 

' tained 

faj Statical Essays^ v. ii. p. 6. (h) Haller, viii. 4. 39. 
Boer. Prcel. t. v. p. 128. CO Note 28. 



tained by Haller ; he suppofes, that during cx- 
I {>irat)on> the bronchia arc, to a certain degree, 
plaited or folded up, but that when the Kings 
inflated, thefe folds are opened, and the 
blood veflels rendered more eafily permeable, (a) 
This opinion, which was generally adopted by 
Haller's contemporaries, (b) and by many of them 
exaggerated in a moll extravagant degree, (c) 
feems to have arilen from the following circum- 
flances. I . They greatly over-rated the change 
of bulk which the thorax experiences in the 
different llages of reJpiration. If we average the 
contents of the thorax at 280 cubic inches, and 
the bulk, of a finglc infpiratlon at 40, we shall 
have its cavity encreafed or diminiflicd by '- part 
only ; whereas the older phyfiolog'ifts conceived, 
that by every a6t of infpiration, the cavity of 
the chefl: was doubled, quadrupled, or increafed 
in even a ftill greater proportion, (d) 2. In the 
experiments and obfervations which were made 
upon the dead body, they confidered only the 
efteifts which are produced by a complete evacua- 
tion of the lungs, and then applied thefe to ex- 
plain the effects of ordinary refpiration. (e) 3. 
Haller and his friends appear to have been mifled 

by 

(a) EI. Phys. vi. 4. 10; viil. 4. 11 j viii. 3. 21. i^ 

alili i nota ad Boer. Prtelect. t. ii. p. 176. ft J Note 24. 

{cj BelCs Analimy, v. ii. p. 188. £tf seq. (dj Haller, viii. 

4. II. (O Ngtcas. 
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by the expentnents which they performed upon 
living animals ; they perceived that the tranf- 
miflion of blood through the lungs was influenced 
by their different lUtes of dirtention, but they 
negledted to make the due allowance for the 
unnatural fituations in which the fubjefls of thefe 
experiments muft ncceflarily have been placed. 
Dr. Goodwyii, in order to controvert this opinion 
refpc6ting the ftate of the Iimgs after expiration, 
produced an artificial hydrothorax in dogs, by 
introducing a quantity of water between the 
pleurae. He found in feveral inftances, when he 
had filled nearly } of the cavity of the thorax, 
that the paiTage of the blood was not apparently 
retarded, though the refpiralion was rendered 
laborious, (a) Upon the whole I think, there is 
reafon to conclude, that in the ufual aiS of ref- 
piration, the blood is tranfmitted through the 
lungs at all times with nearly equal facility, and 
that it is only in extreme cafes that the retarda- 
tion defcribed by Haller can be fuppofed to lake 
place, (b) If any confiderablc impediment had 
been oppofed to the entrance of the blood into 
the pulmonary veflels during the flate of expira- 
tion, it murt neceflarily have produced upon the 
pulfe a correfponding effe(5l, which would have 
been perceptible to the touch, (c) 

This 

(a)Goodwyn,p. «. Note 26. CiJNo/c27. (c) Note 28. 



This doilrine of the older pbyfiologifts 
fpedting the iranfmiffion of the blood through 
lungs, gave rife to an opinion, whicli was almoft 
univerfally adopted by them, that the motion of 
the thorax in refpiration was an important agent 
in promoting the circulation of the blood. This 
hypothefis will be confidered more fully, when 
we come to treat of the ufcs of refpiration ; I 
fhall in this place only remark, that the fame con- 
fiderations which lead us to conclude that the 
lungs arc nearly alike permeable to the paflage 
of the blood in all the fiages of ordinary refpi- 
ration, muft prove that their motion can have 
little or no cfFeft in accelerating its progn 
"'through their veflcls. 



The oefophagus pafTes through the mufcular 
porticm of the diaphragm, and Is fo interlaced by 
the crofling of its fibres, that it fcems as if the 
lube muft necelTarily be comprcfTed by their con- 
traftion YaJ Hence it has been fuppofed, that 
'during infpiration the pafTige to the ftomaeh 
Will be contracted or entirely obftrudled ; but 
iere, as in the former cafe, it is doubtful whe- 
ther this cfFe{S be produced, except in the more 
violent efforts of infpiration. 

Some 






fa) haller. 


riii. 1. 36. ktUI. 4. g. Sena,; Mem. Mad. 


i;29. Winslows 


Anal. Sect. 3. Ail. 13. Belfs Anal. v.\. 
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Some of the older phyliologifts imagined 
that important cffe&s would refult from the ac- 
tion of the diaphragm, upon the aorta and vena 
cava. The aorta^ however, defcends into the 
abdomen, between what are called the crura of 
the diaphragm, and feems to be fo well protected 
by the arching of thefe mufcular appendages, as 
to be altogether defended from the effefls of 
compreflion. fa) There feems flill Icfs probability 
of ftrangulation being produced in the vena cava^ 
as it not only pierces the diaphragm in its tendi- 
nous part, but pafles through a large opening, 
the edges of which are furnifhed with a peculiar 
ftrudlure, which would feem to prevent any alter- 
ation in its fliape or.dimenfions. (bj Yet not- 
withftanding this ftru6ture, Haller obfcrved in 
the courfe of his experiments, that certain pofi- 
tions of the diaphragm fo far comprelled the vena 
cava, as to impede the paflage of the blood, (cj 
But we may conjedlure that this efFe6l was pro- 
duced by the unnatural circumftance* in which 
the animal was placed during the experiment ; wo 
may alfo attribute fomething to the difficulty of 
making accurate obfervations upon animals fuffer- 

ing 

faj Senac, ^ Bell, uli supra. 

(bJ Winshw, Senac, tf Bell, uli supra. 

CO Haller, vi. 4. 10; viii. 1. 36; viii. 5.23> 



ling extreme torture, and conwuired by the near 
f approach of death. 



The older anatomifls afcribed very important 
I niedts to the fucceffive cornpreffion and relaxa- 
tion of the nerves which pafs through the dia- 
t phragm, or along its furface. The ahcrnate mo- 
[ tions of the thorax, and even of the heart itfelf, 
I were aforibcd to this circumftance, but later 
' cibfervations have proved that it was inadequate to 
[ the propofed effect', and have alfo pointed out 
I (^ufes, which are more agreeable to the analogy 
|0f the animal ceconomy. The par vagura, and 
Tgreat fympathetic nerves, both pafs through the 
r fmaller mufclc of the diaphragm, faj and it has 
[been conjectured, that by the alternate contrac- 
[ tions and relaxations of this organ, they are 
L comprefled at regular intervals, and thus the 
tranfraiflion of the nervous energy is interrupted, 
fa as to produce the vermicular motions of the 
flomach and inteftines. I have already noticed 
the hypothefis of Dr Martine, who conceived, that 
(he cornpreffion of the phrenic nerve by the lungs, 
when in a ftate of infpiration, was fufficient to 
[ Sccount for the fucceeding relaxation of the dia- 
phragm, 

fa) Ilaller, yiii. 1. 35, ig teq. Winslow's 4nal. Sect. 
ti. 137, -100. 



phragm, and confequentemifllon of air from the 
thorax. 

The alternate enlargement and contra<n:ion of 
the bulk of the thorax, in confequence of the 
change in the diaphragm, muft neceiTarily pro- 
duce a correfponding oJiange in the pofition of 
all the abdominal vifcera. The agitation and 
prefliire which they will from this caufe experi- 
ence, has been generally fuppofed to be iudru- 
mental in propelling the blood along their veins ; 
(aj but this cfFefl, if it exift at all, has been 
much over-rated. From the experiments of Dr. 
Menzies, in which the body was immerfed in 
water for the purpofe of afcertaining the quantity 
of air employed in a Cngle infpiration, it was 
found that the increafe of bulk whicK the body 
experiences, is exaflly equal to the volume of the 
air received by the lungs, (b) Hence we muft 
conclude, that the cavity of the abdomen is at all 
periods of the a& of refpiration of an equal ca- 
pacity, the encreafe of bulk which the abdomen 
would acquire, in confequence of the relaxation 
of its anterior mufcles, being exatSily balanced by 
the contra6iion of the diaphragm, and confe- 
quently the prefTurc exercifed upon the vifcera, 

muft 

(a) Haller, iiii, 5. 23. (IJ Menzies, p. 24, ilf «j. 



niuft be altogether, or nearly fimUar in all ihe 
different conditions of the thorax. But a uni- 
form prefTiire upon the veffels can have no efte(5l 
in accelerating the flow of the blood ; the veins 
are in this cafe reduced to the ilate of rigid tubes, 
and th.eir contents can only be propelled by the 
momentum which they pofl'dicd previous to their 
arrival at this part of the circulation. An en- 
creafe of prefllire under thefc circumftanccs, 
muft rather retard than promote the flow of the 
blood. 

This view of the fubjeft Is countenanced by 
the deficiency of valves in theli; vcflels, a circum- 
ilance in which the veins of the abdominal vif- 
cera differ from thofe of molt other parts of (he 
body, (aj The veflcls which lie near the fur- 
face, or contiguous to the great inufcles, and 
which confequently are at all times peculiarly ex- 
pofed to the efFefls of irregular prelTure, are 
plentifully furniflied with femilunar valves. 
When, therefore, by an extraneous caufe, the 
capacity of any part of a vein is diminiflied, the 
blood which it contained mud neceflarily be dri- 
ven forward towards the heart, and upon the re- 
moval of the comprcflion, the veflel regaining its 
natural 

(aJ Haller. ii. 2 18, 21. 
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natural capacity will afford a more eaiy admiffion 
to the fucceeding column of blood. But the ac-» 
celeratlon which is produced in this cafe, depends 
entirely upon the prefence of the valves.; when^ 
therefore, we find a fyilem of venous veflels in 
which they are wanting, we may infer that the 
veins in quefiion are not much expofed to the 
effe6b of preflure, and that when preflure is ap- 
plied, it will not accelerate the motion of ^the 
fluids which they contain, (a) 

Haller infifts ftrongly upon the efFeds which 
are produced in the liver by the contradion of 
the diaphragm. He conceives that it is a prin- 
cipal agent in propelling the blood along the he- 
patic veins, and more particularly in prefling the 
bile out of the gall bladder : be fuppofes • that 
this organ is not furnifhed with any mufcular 
fibres, and that confequently its contents can 
only be evacuated by external prefTure. There 
feems every reafon to conclude that the efFedte 
which he defcribes will be produced in the more 
violent and fudden motions of the diaphragm^ 
particularly thofe which occur in the acSl of vo- 
miting, (b) 

F The 

(a) Haller, iii. 2, 3 j fef viii. 5. 23. Belts Dissections, 
V. i. p. 48. Ch Haller, viii. 5. 23. Of xxiiL 3. 29. 



The alternate action of the thorax is alfo fup- 
[ ' pofed to exercife a confiderable degree of com- 
■preffion upon the ladcals, and confequently to 
promote the flow of the chyle, (aj The remarks 
I ""made above with regard lo the effect of the dia- 
phragm upon the veins of the abdominal viicera, 
' apply to ibe prefent cafe, fo far as refpeAs the 
■'uniformity of the preflurc in the ordinary afl of 
"rcfpiration. But the ladteats differ from the 
• veins of the vifcera in being furniftied with nu- 
' merous valves, fbj it is therefore probable that the 
'chyle will be propelled towards the thoracic da&, 
in the more violent action either of the dia- 
phragm, or the mufcles of the abdomen, and flill 
more in thofe voluntary exertions where both 
thcfe parts are ftrongly contracted at the fame 
-time. But it is only in the more unufual ftate of 
the refpiralory organs, that this effeiSl is produced ; 
' 'in ordinary cafes it is probable, that the pro- 
■ greflivc motion of the chyle is effedled folcly by 
the mufcular aflion of the veffels themfelves. 
The thoracic du6l foon after its commencement, 
lies under what are called the crura of the dia- 
' phragm, and it is fuppofed by Haller, that the 
paflage of the chyle along the duft is materially 
promoted by the contradlion of this part, fcj But 



fa) Senae, Mtm. Aead. 1?24. 
(0 Haller, «y. 2. 0, 
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it is probable that in this, as in the former in- 
ftance, it is only in the more violent exercife of 
therefpiratory organs that any efFeit can be pro- 
duced upon the motion of the chyle, and that in 
ordinary circumftancea, the mufculariiy of the 
veflbl is adequate to the propulfion of its con- 
tents. As a decifivc argument in favour of this 
opinion, it has been obferved, that the chyle has 
ftill continued its progreffive motion along the 
thoracic du€t after the thorax has been laid open, 
and confequently the effe*^: of external preflure 
entirely removed, faj 

From the above remarks, we are led to con- 
clude, that the effcifls produced by the dilatation 
and contraftion of the thorax, which takes place 
in ordinary refpiration, are much lefs confiderable 
than was conceived by the older phyfiologifts. 
In the experiments which they performed upon 
living animals, they negledted to make a due 
allowance for the unnatural fituation In which 
the fubjedls were neceflarily placed, and in thofe 
which they made upon the body after death, 
they proceeded upon the fuppofition, that the 
mod complete change in the capacity of the 
thorax, of which it is capable, was in all in- 
F 2 fiances 

(aj Senac, Mem. Acad. 1729. CruUkthanhs on the 
Msorb. p. 169. 
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Aances : produced. The experiments^ therefore^ 
exhibit the cfTe^ls ariiiDg from a dilatation and 
contradion of the thorax, which can take place 
in the moft extreme cafes only, and the conclu- 
fions are confequendy inapplicable to the pheno* 
mena of ordinary refpiration. 
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CHAP. ir. 






I 



The change produced by Respiration^ in the In^ 

spired jiir. 

That a change is produced by refpiration , 
upon the air received into the lungs^ coul^ 
fcarcely efcape the notice of the moft curfory 
obfervers of the operations of the animal ceco? 
nomy. The ancients were not unac(]uain ted with 
this circumflance. but the firfl accurate notions 
which we obtained refpe6ling it, were deduce4 
from the experiments of Boyle. This phi^ofo* 
pher, who {o fucccfsfully advanced the theorjr 
and pnuSlice of the various branches of experi- 
mental icience, was peculiarly fortunate in his 
refearches into the nature and properties of the 
atmofphere. ,He not only proved by means of 
the newly invented machine^ the air-pump, the 
abfolute neceflity of air to the fupport of animal 
life^ but he farther difcovered^ that the adllon ot 

the 



&e lungs is quickly fufpended, unleft they are 
■farnifhed with a regular fupply of frefh air. 
From this (a& it was naturally concluded, that 
the air had undergone forae important change 
during its continuance in the pulmonary veficles, 

I -and a variety of hypothefes and conjedlures 
vere formed to account for this alteration. The 
knowledge which was then obtained refpeifting 
the air was, however, almofi: entirely confined to 
its mechanical properties, to that the theories of 

I j%fpiration formed during this period, were ne- 
ceflariiy crude and imperfe(51. Boyle perceived 
that the air in paffing through the lungs became 

■ loaded with a quantity of aqueous vapour, and he 
ferther fuppofed, that it acquired what he calls 
recrementitious fleams ; (aj but refpeiSiing the 
nature of thcfe fleams he forms no conjeiSure. 
He obferved alfo, that the air in which an ani- 
mal had refpired for fome time, was confiderably 
idiminiftied in volume, an effeft which he attri- 
buted lo the lofs of part of its elaflicity or fpring. 
The contemporaries of Boyle, for the moft part, 
coincided with him, in his ideas refpetling refpi- 

r 'ration ; there were, however, fome philofophers 

who fuppofed, that befides the addition of thefe 

Vapours, the air, during its continuance in the 

lungs, 

faj Bnylt's U^oris, vol. i, p. SQ, Hf seq.j vol. iiJ, p. 
371, W«y. 



lungs, imparted fomethlng to the blood, Anjong 
thefe, the firfl: in point of genius and origi- 
nality was Mayow of Oxford. He invcfligated 
the properties of the air, and the effects pro- 
duced upon it by refpiration, with great acute- 
nefs, and concluded, that a peculiar volatile fpirit, 
which was one of the conftituents of theaimof- 
phere, was abfoibed by the blood during its 
paflage through thq lungs, fiorelli, (a) Lower, 
(b) Willis, (c) and others, adopted opinions in 
many refpedts fimilar to that of Mayow ; they 
imagined, that either a portion of the whole 
inafs of air, or fome particular conftituent of it, 
was abforbed by the blood, and by this means 
converted this fluid from the venous to the arte- 
rial ilale. But fo little real knowledge was at 
this time pofleflcd refpeifling the compolition of 
the atmofphere, that they entirely failed in theiv 
attempts to afcertain the nature of the matter 
abforbed, and their hypothefes appeared fo ex- 
travagant, and fo little founded upon truth, that 
their doflrines fell into difcredit, became neglect- 
ed, and at length were totally forgottpn. (dj 

Dr. Hales devoted much of his attention to 
this fubjeci, and perlormed many experiments 

with 

fa) DeMotuAaim. p. 2a prop. 113- (I:) De Corde.p. 
159—165, (ej IKiUit,phaTm.Hat.p.ii. p. 34. fdj tioteSO- 



with a view to illuffrate the manner in which 
the air is afFedted by the lungs; he concludes 
nearly as Boyle had done, that it acquires a noxi- 
ous vapour, and that itselaftlcity isdiminifhcd/oj 
Tbe learned Boerhaave confefles his inability 
to explain the change which the air experiences 
by refpiration. (b) The opinion of Haller was 
not materially different from that of Boyle and 
Hales ; he has collected all the different theories 
which have been advanced upon this fubje.5t, and 
after reviewing them with his accuftomed can- 
dour and pcrfpicuity, he concludes that the 
air, when it is emitted from the puhnonary vefi- 
cles, is combined with a quantity of water, and 
a peculiar noxious vapour, and has its elafiicity 
diminilhed. (c) Such was the imperfetft ftaie of 
our knowledge, when Haller wrote his Elements 
of Phyfiology I This noble monument of induflry 
"and genius was fcarcely publifhed, when Dr. 
Black commenced his experiments upon fixed 
; air, and among other jnterefting difcoveries, 
fatisfa£torily proved, that this peculiar gafeous 
• fubftance is generated in the lungs during refpi- 
rration. (dj Shortly after this period, the bril- 
- 'liant difcoveries of Seheele and Priefiley made 



(a) Slplkal Etsays, passim. (I) PrisUct, t. v. p. 169. 
ttf ieq. (cj Nolle ad Boer. Protect. I. v. p. 170, 

Ei.Pkys.\ilL3. I] ; viii. S. 19, 20. (dJ Nole31. 



us acquainted with the nature and composition' 
of the almofpherc, and by this means efFedled a 
revolution in chemiftry, and in all the branches 
of natural philofophy connedlcd with this fci- 
ence. The atmofphere, which uniil this period 
had been regarded as an homogeneous, elemen- 
tary body, was dilcovered by thefe celebrated 
experimenters, to be compounded of two aeri- 
form fluids, pofleffing diftinfl properties, and 
ferving totally different purpofes in the cecono- 
my of nature. Thefe fiibftances, which have 
fince obtained the names of the oxygenous and 
the azotic gafles, were found to cxift in the at- 
mofphere, in the conftant proportion of about 
'22 to 78, faj but after an animal had breathed 
for any length of time in the fame quantity of 
air, the oxygenous part appeared to be confider- 
ably diminifhed. Dr. Prieftley repeated thefe 
experiments under a variety of circumftances, 
and imagined, that in thefe cafes the air had 
undergone the fame change in its properties, 
which it experiences from combuftion, fermen- 
tation, the calcination of metals, or other ope- 
rations by which the air is deprived of part of 
its oxygene, which, in confequence of his pecu- 
liar theory, he ftilcs phlogillic procefles. The 
change 

faJ Note 32. 



change produced in the air by paffing through 
the lungs, according to this, philofopher, con- 
fifted in the removal of part of the oxygene, and 
in the addition of phlogiftoDj and a quantity of 
aqueous vapour, (a) 

About a year after the publication of Dr. 
Prieftley's experiments, a memoir on refpiration 
appeared from the pen of the celebrated M, La- 
voifier. (b) After paying a tribute of refpedi to 
the genius of Dr. Priefiley, he proceeds to an 
accurate examination of his experiments, and the 
conclufions which were deduced from them. He 
agrees with the Do<5lor in fuppofing, that the 
proportion of oxygene is diminifhed in air which 
has been refpired, but upon a careful analyfis 
of the refiduc, he finds it to difTer from the air 
left after the calcination of metals, which is 
merely azotic gas, in containing a quantity of 
carbonic acid. He alfo obferved, that the bulk, 
of the air was Ibmewhat diminifhed, and we 
learn in general from thefe experiments, that the 
changes produced in air by refpiration, conlill 
in the removal of part of the oxygene, in the ad- 
dition of a quantity of carbonic acid gas, and in 
the diminution of its volume. He fuppofcs that 

the 

(a) Phil. Trans. 1776; OliseTv. on Air, v. iii. 6 p. 
(bj Mem. Act.d. 1777. 
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the azote i$ not affedled by the proceis^ and that 
it ferves merely to diluce t&e oxygenous part of 
the atmofphere. (a) 

In this paper M. Lavoifier does not mention 
the aqueous vapour which is fo evidently difcharged 
from the lungs by refpiration ; it is impoillble 
that it could have been overlooked by fo accurate 
an obferver ; we may therefore conje<fture, that he 
omitted to mention it^ becaufe at this period he 
coniidered it as only difFufed through the air ex- 
pired from the lungs, by the procefs of evapora- 
tion, and not formed in confequence of the ope- 
ration of any chemical affinities. 

The concluiions of this philofopher refpe6ling 
the changes produced by refpu^tion upon the air 
taken into the lungs, are for the moft part 
acquiefced in by the modern phyiiologifis, and 
the refearches which have been lince made upon 
this fubje^l are principally directed, either to af- 
certain with more precifion the proportion of the 
refpeftive ingredients in the air of expiration, or 
to frame hypothefes to account for the operation 
of the lungs in efTedling thefe changes. 

I (hall 

(a) Note 33. 



I fiiall defer my remarks upon the theory of 
refpipation, until I have confidered the alteration 
which is effected in the blood, by its paflage 
through the lungs j in the remainder of this 
chapter I fhall examine the experiments that have 
been made with a view to afcertain with more 
precifion the amount of the changes produced 
upon the air. 

When an animal has expired in a quantity of 
atmofpheric air, in confequence of its being no 
longer fit for refpiration, it Is found that the 
whole of the oxygene Is not removed from n,faj 
and It appears, that Independently of their bulk, 
difTerent animals poflefs this power of abftrafling 
oxygene in a greater or Icfs degree. It is not ca(y 
to deduce any general conclufions from experi- 
ments of this kind, as there are feveral incidental 
circumftances, by which the death of the animal 
appears to be accelerated or retarded, but upon 
the whole, we are warranted to conclude irom 
them, that the animals whofe temperature is the 
highest, are the leaft able to exift in air wanting 
its due proportion of oxygene. Accordingly birds, 
who pollefs a temperature of about 104'', have 
been found to expire when two-thirds of the 
oxygene 

faj Note 94 



J 



oxygene is removed ; a guinea-pig and a moufr, 
wiiole temperature is about 98", can coofume 
about three-fourths, while frogs are capable ot 
living until nearly the whole of the oxygene is 
confumedYo>^ It muft however be obferved, 
that when animals die in confequence of the want 
of frefti air, their death is not fo much to be at- 
tributed to the deficiency of the oxygene, as to 
the prefence of the carbonic acid, which when it 
exifls in any confiderable quantity, exercifes upon 
the body .a highly noxious influence. It is there- 
fore neceflary to guard againft its effefls by pre- 
fenting to the air a fubftance which has the pro- 
perty of abforbing it as rapidly as it is produced. 
When thefe precautions were employed, Lavoifier 
found, that a guinea-pig could live without in- 
convenience in air which contained only one- 
fifteenlh part of its bulk of oxygene, and when 
the proportion was ftill farther diminifhed, the 
only apparent effcdl produced, was a degree of 
drowfinefs in the a.inma\.fbj As the temperature 
of a guinea-pig is nearly that of a man, it is pro- 
bable that human life might befupportcd with air 
of the fame compofition. 

Another 

faj Higgitts's Minutes of a Society, i^c, p. 158. Chaf' 
tats CkemistTy, v, i. p, 12?. 
f!') Mem. Mad. 178g. p. $74. 



Another quedion refpefting the confumption 
r oxygene, of a more inlerefting nature, but of 
Linore difficult invcfligation, is theabfolute quan- 
LtUy of this gas coiifumed by refpiration in a given 
The firft calculations which were made 
C^)on this fubjedt, in confequcnce of the imper- 

fe£i nature of the apparatus employed, and of 
Ltbe want of a fufficient dexterity in the maiiage- 

aaent of pneumatic experiments, were unavoidably 
[.Tague and inaccurate. The difficulty was much 
[♦encrcafed by a clrcumftance firft noticed by Dr. 
[■Crawford, and afterwards more fully invefiigated 

by M. Jurine of Geneva, and M. Lavoifier, that 
Uthe refpiration of the fame animal in different ftales 
l«rfthe fyfiem, and under the operation of different 
T caiterna! circumfiances, afFedts the air in very dif- 
I'ferent degrees. This curious fa<2, which affords 
[fan infight into fome of the moft important opera- 
ttions of the animal osconomy, miift unavoidably 
tproduce great differences in the refults of the beft 
Bcondudled experiments, and will render it impof- 
tfible for us to arrive at more than an approxima- 
I tion to the truth. Tbecircumftanccs which have 
^been difcovered to influence the chemical effcdls 
tbf the refpiration are, the temperature of the 
P'air refpired, the degree of mufcular exertion, the 
, ftate of the digeftive organs, and the condition 
t^of the (yftem as affcd^ed by fever ; it is highly 
probable 



probable that other circumftances will be difco- 
vered, by multiplying and varyingour experiments 
upon the living body. Thefc different affections 
of rcfpiralion will undergo a farther examination 
in the third part of this eflay ; they are noticed in 
this place in order to fhewj that the greateft degree 
of certainty which we can attain upon this fub- 
je<5t, is no more than an average deduced from a 
number of experltnents, performed upon the 
body under the various circumftances in which it 
is placed, and the confequent changes to which it 
is liable. 



An experiment performed by Lavoifier, upon 
a guinea-pig, fccins to have been the firft in 
which a perfe(5t apparatus, and the neceffary de- 
gree of accuracy were employedYo^ The ani- 
mal was confined over mercury, in a jar contain- 
ing 248 cubic inches of gas, confifting principal- 
ly of oxygene. In an hour and a quarter, the 
animal breathed with much difficulty, and being 
removed from the apparatus, the fiate of the air 
was examined. Its bulk, was found to be dimi- 
nifhed by eight cubic inches, and of the remain- 
ing 240 inches, 40 were abforbed by cauftic pot- 
a(h, and confequenily confiiled of carbonic acid 
gas. Taking 100 parts of this air, thefe numbers 
- will 
(aj Mem. Atad. 17ao, p. 401— S. 



i^ni be as follows ; the air was dimininied to p6' 
5, or by 3 • 5 cubic inches, and of the remainder 
l6 ■ 5 were converted into carbonic acid gas, and 
abforbed by pot-afh, which reduces the quantity 
of air to 80 cubic inches. Towards the conclu- 
lion of the experiment, the air would be necef- 
larily much lefs fit for performing the fun61ions of 
the lungs than the air of the atmofphere, in con- 
fequence of the carbonic acid gas which it con- 
tained ; but as the air employed was originally 
much purer than the atmofphere, the author fup- 
pofes, that the quantity of oxygene dellroyed, was 
probably about the fame which would have been 
confiimed under the ordinary circumftances of 
refpiration. 

The fame philofopher performed a fecond ex- 
periment upon the fame fpecies of animal, with 
ftill more accuracy, in which pure oxygene was 
employed.|''(i^ This experiment continued during 
an hour and a half, and the animal being then re- 
moved from the jar, the air was analyzed as in the 
former cafe. 1728 cubic inches of air were found 
to be reduced to 1073, i. e. had fufiered a diminu- 
tion of 53 inches, cauftic pot-afh abforbed about 
J129-5 inches, leaving a refidue of pure oxygene. 
Thefe 

(a) Ann. de Ckim. I. v. p. 2fil isf sei/. 
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Thefc numbers, eftimated as in the form cr cafe, 
will be nearly as follows ; loo Irtches wWe bedo- 
ced to g6'6l, or by 3' is inches, die pot-afh 
irbfoi'bed about 10 inches, reducing the whole 
quantity of air to 77 ■ 82 parts. The quantity of 
carbonic acid was here ibmewhat greater thian in 
the former experiment, which may be attributed 
to the air employed being pure oxygene, and to 
the procefs having been continued for a ibmewhat 
longer fpace of time than in the former iniiance. 
Upon the whole, the refults correfpond as nearly 
as can be expelled, from the very delicate nature 
of the experiments. 

Dr. Menzies iirft attempted to afccrtain the 
quantify of oxygene confumed by a man in the 
courfe of a day. He found by experiment, that 
one-twentieth part of air, which had been once 
refpired, is converted into carbonic acid gas ; this 
he concludes muft have been oxygene, as that 
part of the air alone is afFefled by refpiration. 
He conceives that 720 cubic inches of air are 
refpired in a minute, of which confequently 36 
will be confumed. From thefe data he efti- 
mates, that in the fpace of 24 hours 51840 cu- 
bic inches, or 176-25 -6 grains of oxygenci are 
confumed and converted into carbonic acid gasw 
In this c^culatlon feveral important particulars 
G appear 



appear to have been overlooked, and accordingly 

-it will be found to differ from the refults of the 

I jfnore accurate experiments, which have been 

Hnce performed by M. Lavoifier, and Mr. Davy. 



I'ii The experiments which were made by M. La- 
loificr, in conjunction with his friend M. Segnin, 
lljtwere conduCled with every poflible attention to 
Raccuracy, and with an apparatus more com- 
Tplete, than any which has ever been employed 
Mh phyfiological refearches. An account of them 
Lis detailed in two papers in the memoirs of the 
I'Ar^demy of Sciences for the years lyeg and 
, 17pO ; but notwiihftanding the peculiar advan- 
^toges under which they were perfonned, their 
t Tefults will not be found in all inftanccs to 
• Coincide. M. Seguin was himfelf the fubjetft of 
r the experiments ; the authors begin by pointing 
but the different effe<3s which are produced by 
l^the refpiration under the different circumllances 
^ in which the body is placed, and they farther 
L remark, that individuals may probably differ in the 
^'abfolute quantity of oxygene which they confumc 
I in the fame circumftances. Making a due al- 
Llowance for thele variations, they conclude, that 
Tthe mean confumption of oxygene by a man dur- 
ing 24 hours, is fomewhat more than 22 French 
"Cubic feet, or 46037 " 38 Englifh cubic inches, 
a quantity 
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a quantity of gas which will weigh 1 566l * 66 
grains troy. ((^ 

■ ■ ■ . ■ •. 

Lavoifier was ilill continuing to purfue his 
experiments on this fubjed^ and had conftrudled 
a very expenfive apparatus^ for afcertaining with 
ilill more precifion^ the amount of the feveral 
changes produced by refpiration, when this 
greats pbilofopher fell a facrifice to the fury of 
Robefpierre, and received fentence of death. He 
had already performed a number of experiments 
with his new apparatus^ and earneilly requefted a 
refpite of a few days, in order to prepare them 
for publication i but his requeft was not granted^ 
M. De la Place, who pronounced his eulogy, has 
fortunately given us the moil important refults ; 
they will be found to differ in fome particulars 
from the former experiments, though with re- 
fpe<5l to the quantity of oxygene confumed, they 
nearly coincide ; it is ilated that a man in 24 
hours confumes 15592 * 5 grains, (bj 

The only experiments on this fubjedl which 
have been performed fince the death of Lavoifier, 
are thofe of Mr. Davy, which appear > to have 
been executed with great accuracy. From a 

G 2 number 
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number of trials made upon his own refpiration, 
he found, that 1 00 cubic inches of atinofpheric 
j air, after having once pafled through the lungs, 
J 'had loft: between ■* and 5 parts of oxygene, 
I irfcnce he calculates, that 31 ■ 6 cubic inches of 
I'CBcygene are confumed in a minute; (aj this 
f *iHll give 45504 inches in 24 hours, a quantity 
I Vhich will weigh 15471 -sSgrains. f/^ This eft i- 
■ irate coincides nearly with ihat of M. Lavoifier, 
I iliough it was obtained by a different procefs and 
the ufe of a different apparatus ; we may- 
wherefore Conclude, that between 45, and 46,000 
c inches, or about 155fK) grains, 2lbs. 8oz. 
ItVoy, is the average quantity of oxygene con- 
•Jbmed by a man in '24 hours. 



Having afcertained the proportion of oxygene 
which is confumed in refpiration, it next remains 
to determine the quantity of carbcmic acid gas, 
which is produced. It appears that Dr. Black 
firfl: demonftrated its exigence in air which was 
emitted from the lungs, and that M. Lavoifier, 
afterwards examined it with more accuracy, and 
found that the air in which an animal had ex- 
pired, contained about '- of its bulk of carbonic 
acrdj gas. (cj In the experiment which this phi- 
lofophcr 



faj Davy's Raearcia, p. 431—^. 
'ej Mrm.Atad. J???. 



(i) Note 30. 



J 



lofopher performed with a more perfect app^atus, 
upon a guinea-pig confined in oxygene, the car- 
bonic acid amouijted to nearly 4 of the bulk of 
the whole air cmplojed, when the animal haxj 
been^ detained in the apparatus until the air was.r|er 
duccd into a.ftale, no longer fit for relpiratipn./^a^ 
Thefe experiments, however, only prove vyhat 
proportion of carbonic acid gas, will render 
air incapable of fupporting life, without acr 
quainting us with the quantity of this gas, pro- 
duced under the ordinary circumflances of, refpi- 
ration. 



M. Jurlne of Geneva, appears to have been 
the firft who attempted to calculate the abfolute 
quantity of carbonic acid formed by the refpira- 
tion of man ; he imagined that it confiimted 
about ,\ part of the air emitted from the lungs. /'^^ 
Dr. Menzies inftituted a fet of experiments 
to difcover the abfoliuc quantity generated in a 
given lime ; he infers from them, that A part of 
air which has been once refpired, is carbonic acid, 
and cftimates, that a man in 34 hours, fends 
out from the liings 51840 cubic inches, or 
nearly 4lbs. troy ; fcj but this elUmate is probably 
over-rated. 

The 



faj Ann. de Chim. t. v. p. 261, tS" seq. (b) Ent. 
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F Tni,e circiimftanccs which have been already 

idinted out, as influencing the confumption of 

faxygene, have at leaft as powerful an cfFe<5t upon 

produ(5lion of carbonic acid gas. Accord- 

rlngly wc fhall fipd the calculations of the mbft 

Accurate experimenters upon this fubje£t fo wide- 

^j^ different from each other, that it fcems fcarcely 

foflible tp arrive at any tolerable degree of cer- 

ESinty, 



-'"M. M. Lavoifierand Seguin, in theirfirft me- 
moir of I78g, eftitnale the average quantity of 
k^carbonic acid gas, formed by a man in 24 hours, 
bat J772b ■ 89 grains troy ; in their fuhfecjuent me- 

"Tnoir, publilhed in the following year, this quan- 
» iTty is diminifhed to 8450' 24 grains ; and in the 

£ulogy of La Place it is ftated, that Lavoifier in his 
*Iaft experiments, reduced it ftill lower to 7550 • 40 
kerains. Mr. Davy on the contrary, whofe experi- 
Winents fcem to have been perfornaed with great 
^i^a^tnefs, though with a lefs complicated appa- 
uratus than that employed by the French chemifts, 
jjfuppofes the carbonic acid formed in 24 hours to 
■ ;imount to 1781 1 38 grains, (a) a quantity which 
|,f8 not very different from that firft announced by 
» lavoifier. Between fuch oppofing authorities, it 
I \a not eafy to decide ; upon the whole I feel in- 
clined 

f'aj Rtsearches, p. 434. 



dined to acquiefce. in the experiments of Mr. 
Efavy, and lo conclude, that the quantity of car- 
bonic aoid gas, generated by a man in 24 hours, 
atnounlsi to, about J7800 grains or fomewhat 
nbpvs ajbs. troy. 

li Another of the changes produced by refpi- 
ratton upon the air, is a diminution of its volume. 
This cJrcuraftance was noticed by the older pby^ 
iiologifls, but in confequence of the manner in 
which their experiments were performed, it was 
Very: cpnfiderably over-ifated ; they attributed it 
to a diminution of the eiafticity or fpring of the 
air. {aj Lavoifier, in ihe firft memoir which 
he publifhed upon rcfpiration, afcertained the 
degree of diminution with more accuracy, and 
flated, that air when rendered unfit to fupport 
life, was reduced tsW in bulk, fb) The experi- 
ments of Dr. Goodwyn, afforded the fame re- 
fult ; fcj but Dr. Crawford, by fome miftake, 
was led to conclude ihat, when the procefa was 
condudted with accuracy, there was no percepti- 
ble diminution, (dj In the account which La- 
.voifier gives of the firft e\perim^nt upon the 
guinea-pig, he found the diminution to amount 
lo t't of the bulk of the air employed, (ej and 
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Via the fccond fet of experiments, tfie diminutiotk 
-Wtts found to :bc -^ pstrt; fa) the greater ah*' 
forption in thefe cafes probably depending upon 
the greater purity of the air employed. It is 
fomewhat remarkable, that in the experimenis 
performed by Lavoifier, in conjuntftion with Se- 
guin, upon the refpiration of man, thougli in 
other refpeifis fo remarkable for their accuracy, 
there is no mention made of this oircumAancs, 
rior is it noticed by La l^lacc, in Ms accxDunt of 
the experiments in which Lavoifier was engaged, 
immediately previous to his execution. In' thdc 
inflanceswe cannot determine, whether Lavoifier 
conceived that no dimination B<5taally took place, 
or whether he only neglected to notice it ; Upon 
the whole, the latter appears the more probable 
fuppofitioh . 

The general faft of the diminution of bulk 
in refpircd air, has been fince confirmed by Mr. 
Davy, though the exaift degree of abforption 
varied fo much in his different experiments, that 
it is difficult from them to fix upon a quantity 
which may indicate the ordinary amount of thts 
diminution. In the conlideration erf" this qucf- 
tion, as in the preceding one refpc61ing the con- 
flimption of oxygene, and the production of 
carbonic 

fa) Ann. de Chimie, l.v.p 26l. 



carbonic' lasKl) there are two diflinfl obje<^s of 
inquiry; ,We may examine the degree of dimi- 
nution prcKluced in a given quantity of air, io 
which an aniiDal has been confined, until it is 
no, Jpagcr fit for fupportiog the refpiration ; and in 
the feconcl place, wc have to afcertain the amount 
of the diminution which takes place in air that has 
only once pafltd through the lungs, as is the cafe 
in.the procefs of (^diuary refpiration. The firft 
of t]>e|e points only was examined by Lavoilier. 
tyJr.IJ^i'y has made experiments upon both. In 
ajr \vhlch had ouiy opce pafled through the 
lungs,: he found the diminution in different trials 
to vary from Vo to ^b. j (aj when he recejiretl 
the fame tair;fepcatcdiy into the lungs, it was 
found to be diminillied as much as -i a i of its 
original bulk, fbj The former experiments how- 
ever alofie indicate the ^fF^dts of natural refpi- 
f^tion, and taking an, average of their refults, 
the aiHount of the di(ninution will be about ij 
part of the whole ai^ received into the lungs, 
-j. am. not acquainted wjth any experiments to 
jafcertain' the diminution of air that has been once 
refpired, upon the accurapy of which we can 
depend, excepting., ithofc of Mr. Davy. 

Mr. Abernethy, in oppofition to the generally 
received opinion, conceives that the quantity of 
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Alt emitted from the lungs is greatef than that 
, - received by them. This Angular hypothefis is 
^principally founded upon the luppofition, that the 
i^'Caibonic acid difcharged by refpitation, is not 
fc'^nerated by the union of the oxygene received 
/ the blood as it pafles through the lungs, with 
t caibone contained in this fluid, but that it is 
incrcly an exhalation froin the furfice erf* the vefi- 
He ertiihatcs that 100 Cubic inches rcceiv- 
ked by the lungs, when difcharged from ihem are 
fciugmctiteii to lO?? inches. The diminunin 'in 
i Wie bulk, bf^ a quantity'of air in which an ahi- 
» mal has been confined, he attributes to its ab- 
forption by veflcls with 'whicH' he ihinlis it pro- 
vable, thefurfaceof the luWgS'is furhHhedj fimi- 
fcr to ihofe of thelkin. (V 



;■ ir wfe'feTe^ft)ijM''i?diffeciiIt to afcWtaiA with 

■ aiciiracy the kftiounf'of thofe changed prodiifced 
H' by refpiralion which we have hitherto examirierf, 

l"We fliail probably experience'ftill more uncertainty 
► tA determining the quantity of aqueous vapour 
^ fliat is emitted from thfe'lungs. This fub'ftance is 
I ■from its natui'e Icfs cafy to colletS and meafurc 

■ than a pirnianently daftic fluid, and accordingly 
the phyfiologifis who have attempted to difcover 
'■■- ■"-■ the 
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flie quantity of it mixed with the air of expira- 
tion, ftavc for the moft part proceeded rather upon 
calculations derived from collateral circumftances, 
than from the diredl rcfult of experiment. 



The exhalation of water from the lungs in 
refpiratlon,' was a circumfiance which could not 
eicape the rriofl: curfory obferver ; accordingly we 
fhill find that it was noticed by the older pby'fio- 
lo^ifij, and was indeed regarded by them M one . 
of the principal parpofes which is ferved by this 
funiHion. (a) Dr. Hales performed many experi- 
ments for the purpofe of afcertaining its quantity j 
fiC" contrived to pafs the dir which he expired 
through a flafk filled with wood afhes, which in 
confcqucnce of the pot-afh contained in them, 
hive the property of ftrongly attradling inoiftdre. 
^y obferving the increafe of weight whith the 
arfieS had acquired in a given time, he eflimates 
thiat the water emitted from the lungs in 24 hours, 
\vfll amount to 9792 grs., above 20 02. (b) The 
nature of his procefs, however, did not admit of 
touch accuracy. Dr. Menzies attempted to folve 
"this pfoblcm by aiHually colle£ling in an allantoid 
'fitted to the mouth, the water emitted from the 
lungs in a given time ; his eftimate is much left 
than thai bf Hales; he fuppofed that the quantity of 
water 

^o>Niitc38. (IJ Slatual Maays, v.\\.p.Z22—*. 
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H watrr exhaled ia 24 hours would amount to no more 

^^^^^ ^fian 6 oz. or 2680 grains, fa) Mr. Abernelhy, hy 
^^^^^K breathing into a glafs veffct ofa peculiar conftruc- 
^^^^H tion, colleiflcd in an hour 180 grs. of water, con- 
^^^^B taining, as he fuppofed, a quantity of mucous 
^^^^H qiaUer. According to his cdimate, the quantity 
^^^^^■-(Hliittedin 24 hours, would amount to exactly 90Z. 
^^^^^1 f)c 4320 gritius, but as the fubftancc which he ob- 
^^^^^1 tained was not pure water, there muil be foinc 
^^^^H fledui^ion made £i-om it on this account. Wea)« 
^^^^H iiet iurorniLd. what proportion the water bore ^9 
^^^^v tbe nii)CKi4i'lplv^ iix it. (bj 

^^^^Kf .!. The,,{diMcaUy pf a&a^Hy , ixi\p^ipg an^ 
^^^^^B tRt^g^'^g ^^^ pulmonary exhalation, is probably 
^^^^V the caufe which indt^ced Lavoificr in his expe- 
riments upon refpiration, to afccrtain its quantity 
by a calculation, founded upon the proportion 
between its conftituent parts, compared with the 
coi|npofiiion of the other fubftances which are 
received into and difcharged from the lungs. He 
firfl: dctcrmii>ed by dirciS experiment the quan- 
tity of oxygcne coiifumed, and of carbonic acid 
produced; the coropofiiion of carbonic acid is 
■t-QOwn, and by comparing the oxygenc which 
4iad iltfijppeared with the quantity which would 
-(Jjave bepn HpceiTary to form the acJd, he found 
„that the oxygcne confumcd was more than fuf- 
6cient 

fuj Henziti, p. S*. (l) Essayi, p. Ul. 



ficient to compofe the carbonic acid which was 
aiSlually prodiiced, (a) He fuppofcd that iliis lU- 
perabundant quantity of oxygene was employed 
in the formation of water, by uniting in the Itings 
with a portion of hydragene ; he eflimatcs the 
amount of the water by knowing what quiintity 
of it a given weight of oxygene can produce. 
This method employed by Lavoifier muft be 
confefled to be extremely ingenious, but at the 
(ame time, before we can depend npon its truth, 
we muft be well aflbred that the fevcral propo- 
litions on which it refts, are themfelvcs well 
ftunded. There are, I confefs, feveral reafons 
which firongly incline me tofufpetft their validity, 
they will be confidered in the following chapter ; 
at prefent 1 fhall only ftate the conclulions which 
this diftinguifhed philofopher has deduced from 
his calculations, (b) 



LavoiSer firft formed an eftimatc of the water 
fuppofed to be generated in the lungs, from the 
experiments which he made upon the refpiration 
of a guinea-pig confined in pure oxygene. He 
afcertained, that the carbonic acid produced would 
have acquired for its formation, a quantity of 
oxygene less by 56 cubic inches, than had in f&&. 
difappeared ; this oxygeue, the author adds, muft 
. cither 



W Net* sp. 



(h) Note 40. 



«ithcr have been abforbed, and bave entered inOr 
ibroc combination with the mafs of blood, or bave 
united with a quantity of hydrogene difcharged 
from the lungs, together with the carlione, and 
•thus have produced walCT ; he conceives that the 
latter fuppofition is the moft probable, (a) The 
reaTons for this opinion are not detailed as fully as 
might be wiftied, but he appears to have been in- 
fluenced by the experiments, in which he con- 
ceived, that more caloric is dtleagaged by the 
foTtnation of a given quantity of carbonic acid 
in the lungs, than from the formation of the Cuue 
quantity of carbonic acid by the combuftion of 
charcoal in the calorimeter. This excefs of car- 
loric, he imagined was derived from the union of 
the hydrogenous and the oxygenous gafes. (b) 
Jn the experiment with the guinea-pig, the carbo- 
nic acid amounted to 107 grs., the water was efti- 
roated at about 25 grs. Nearly the fame train of 
reafoning was purfued in the elaborate esperiraents 
upon the refpiralion of man, to which 1 have al- 
ready referred, performed by the united eiForls of 
Xavoilier and Seguin. In the firft of tbefe me- 
moirs, the quantity of water emitted from the 
lungs of a man in 24 hours is ftated to be no more 
than 337' 18 grs. ; but in the 2d., where a more 
perfect apparatus was employed, the weight of wa- 



(a) /Inn. ilt Ckimit. t. ». (b) Mim.Acad. I7S9. 
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icr expired in 24 hours, is climated at Ul80'5f 
grs., nearly 2lh«, troy, a quantiiy very much larger 
than the eftiinaie derived from the former expe- 
riments. In the enperiinents performed by La- 
voifier, of which an account is given by M. La 
Place, the quantity of water was fuppofed to be 
ftill more confiderable, even as much as 13704 
grs. in the courfe of 34 hours. The proportion 
between the carbonic acid, and the water dif- 
chargcd by relpiration, as deduced from ih^fe laft 
experiments of Lavoifier's^ differs very confidcr- 
ably from that in the experiment performed upon 
the guinea-pig, and no Jefs remarkably from each 
other. In the memoir of 1789, the carbonic acid 
was 17720-89 grs. the water only 337 -18 grs. 
or as 1000 to I9 nearly; in the memoir of 1790, 
*he carbonic acid was 8450'24 grs. and the water 
1 UBS -57 grs. eras lOOO to 1323 ; in the eulogy 
of La Place, the carbonic acid is 7550'40grs. 
and the water 13704, or in the proportion of 1000 
to 1815 nearly; from fuch very difcordant calcu- 
lations it is impoffible to draw any conclufions. 
Mr. Davy has not formed any eftimate of the 
quantity of water exhaled in refpiration. 

M. Lavoifier in his earlicfl. experiments upon 
refpiration, concluded that the azote remained en- 
tirely paffive ; aud was received into and emitted 



from tfielangs without undergoing any change; (a) 
to this opinion he always adhefcH, and it has 
been adopted by almoll aJI the modern phyfio- 
logifts- Dr. Prieftley, indeed, in his eiperimenis, 
thought that there was an abforption of azote as 
well as oxygene, /'i,^ but as the apparatus which 
he employed was not ftifccplible of perfc-6t acbu- 
racy, and hs his experiments were performed^ ia the 
infancy of pneumatic chcmiftry, this circumiiaOce 
was generally attributed to fome accidental caufe. 
Dr. Prieftley's fuppofiiion has, however, lately 
received a flrong confirmation from Mr. Davy, 
who uniformly difcovered a deficiency of a fmall 
quantify of azote in his experiments upon refptra- 
tion ; he eftimates the volume of azotic gas ab- 
forbed to be 5 " 2 cubic inches in a itiinotc, (c) a 
quantity which, in 24 hours, will amount to 
tbout 2246'4 grs. or 4*68 oz. From the pedii- 
Kar accuracy with which Mr. Davy's experintents 
appear to have been performed, I feel ftrongly in- 
duced to acquiefce in his opinion, nolwithftand- 
ing the great authorities in favour of the oppofite 
dodlrine. The expreflions which Lavoificr em- 
ploys, render it probable that he derived his notion 
refpedling the inactivity of the azote rather from 
I theory than from aiftual experiment, and the po- 

(itivc 



(a) Mem. Acad. I???. ft-} Friestlfy't Exp. on Air, 
V. iii. p. 380. CcJ Davy's Researthtt, p. 434, 



litive aflertion of fo diftinguiftied a [jhilQfoijher 
Jcems to have deterred fucceeding experimenters 
from any farther invertigation of the fubjedl. (a) 



An opinion, dirciSlly the reverfe of Mr. Davy's, 
was advanced by M. Junne ; he imagines that 
azote is actually generated by refplration. (b) But 
an attentive review of his experiments will ealily 
explain the caufe by which he was led to form io 
fmgiilar a fuppofition. After taking a full infpi- 
ration, he received the air from his lungs into four 
different veflels, and he found, that the portion 
which was laft espived, contained a greater quan- 
tity of azote than the others. Healfo found, that 
when the air had been retained for fome time in 
the lungs, or when the fame quantity of air had 
been fevcral limes refpircd, that it contained more 
azote, than when only taken once into the lungs 
and immediately difcharged from them, as in or- 
dinary refpiration. But it is obvious, that in all 
thefe cafes, the enereafed quantity of azote referred 
only to the greater proportion which it bore to the 
reft of the air, and not in any degree to itsabfolutc 
volume. M. Jurine has, however, performed ano- 
ther experiment, which appears more diredl, and 
had there been no fource of inaccuracy, would 
H certainly 

(a) Note 41. (hj Ekc. Melh. Mededne, I. i. p. 4Q3~J. 



certainly have been decifive. He refpired a quan- 
tity of pure oxygene, and upon examining it 
[,after it had been emitted from the lungs, he 
E^found il to be mixed both with carbonic acid 
[ and azote. Bui in this cafe there is every reafon 
I to believe, that this azote, which M. Jurine de- 
Lte<fted in the air of CApiration, was derived from 
'the contents of his lungs before the experiment. 
. As it does not appear that he ufed any precau- 
,tions to empty them before he breathed the 
- Oxygene, we may conclude that they would con- 
' tain fomewhat more than 200 cubic inches of 
f azote, (a) which would immediately mix with 
i tfie air infpired, and confequently be expelled 
k along with it. In Lavoiiier's very accurate ex- 
rperiment upon the guinea-pig, where the quan- 
r tity of air previoufly contained in the lungs of 
the animal bore only a fmall proportion to the 
Tolume of gas in which it was iramerfed, after 
' the animal was removed from the apparatus, and 
the carbonic acid abforbed by cauftic pot-afli, 
the remaining oxygene was nearly as pure, as at 
the commencement of the experiment. ("A^J 

After having examined in fucceffion the dif- 
^Arent changes which arc produced upon the air 

by 



r'aj Note 42. flO Ann. de Ckim. t. v. p. 262. 



by refpiration, I fliall conclude this chapter by z 
fummary view of thcfe effeifls, so far as the prc- 
fcnt ftatc of our knowledge will enable UB to 
form any precife ideas refpe£ling them. 

'*^' "l. A quantity of oxygene is confumed in 
rdpiration ; in ordinary circiimftances atmofphe- 
rtc air, which has been once refpJred,, lofes nearly 
•04 of its bulk of oxygene ; in 24 hours a man 
confumes a quantity which will weigh about 
albs. 8 oz, ; fomewhat more than 26 cubic feet. 

a. A quantity of carbonic acid is generated 
by refpiration ; its volume is lefs than that of the 
oxygene abforbed, nearly in the proportion of 
37 to 45; the weight of carbonic acid formed 
in 24 hours is about 3lb. ; a volume of about 
22 cubic feet. 

3. The whole volume of the air is diminiftied 
by refpiration ; the degree of diminution is not 
very accurately afcertaincd, but it may be efti- 
mated at about -^ of its bulk. 



4. A quantity of aqueous vapour, the amount 
trf" which is ftill undetermined, is emitted from 
the lungs. 



Ha 



5. It 



100 

t 

5. It is probable that a fmall portioa of 
asote is abforbed, upon an average about ttv 
part of the air refpired^ making in 24 hours 
about 4|o;5. or 4 cubic (ett(a) 

6. From the afcoiained proportion in which 
the oxygene and pure charcoal exift in carbonic 
acid^ it appears that a greater quantity of oxy- 
gene is confumedy than is neceflary for the for- 
mation of the: carbonic add which is produce 
cd/A; 

00 Note4S. (hj Note 44. 
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CHAP. III. 



The change produced upon, the blood by Res-- 

piration. 

m 

The extreme vafcialarity of the longs, and the 
great proportion of blood which is alwiays pre« 
fent in them^ induced even the oldeft anatomifts 
to fuppofe5 that fome important change was ef- 
fected in this fluid by refpiration ; and the difco- 
very of Hervey, which fhowed that all the blood 
in the body pailes through the lungs during the 
courfe of each complete circuity ftrongly tended > 
to confirm this opinion. Soon after the do<5b4ne 
of the circulation became generally received, the 
diftiodion between the arterial and the venous 
blood, was clearly pointed out, and it was per- 
ceived that this change is produced in the capil- 
laries of the lungs. A number of conjectures^ 
as may be imagined^ were formed both to ex- 
plain 



plain the nature of the change which takes place, 
^ and the manner in which it is efFeded, 

A numerous and learned clafs of phyfiolo- 
gifts fuppofed that the alteration which the 
blood experiences in its paflage through the 
lungs, is in a great meafure mechanical They 
conceived that ihe blood, while in the pulmonary 
Tcflels, experiences a continual and violent agita- 
^on, by means of which, its particles, before loofe- 
ly mixed, and confifting of feveral heterogeneous 
fubftances, are comminuted and perfedlly united 
together, fo that the whole mafs acquires a uni- 
form and homogeneous confiftence. (a) Baglivi 
fiippofed that the blood was rarefied, (bj and 
Helvetius, that it was condenfed in the iungs ; fcj 
Soerbaave imagined that the particles acquired 
'that peculiar organization, which he thought 
efieDtial to the exiilence of perfect blood, (d) -^J 



Another fet of philofophers, in which we 

meet with the names of Hervey, (e) Boyle, (fj 

Hales and Haller, imagined that the blood, in its 

.}iaJlage through the lungs, parted <with ibme 

noxious 

faj Note 45. flj Optra, p 457. CO ^^em. Acad. 
1?18. (d) PyibUcI. t.\\.p.lS^; 333 tf«y.Note46. 

(O Mxtre. de Motu Cordis, p. 332. (f) thrkSt v. h 
p. 99, is! seq. ; v. iii. p. 371. iS s:q. 
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noxious or fuperfluous matter, and with a quan- 
tity of aqueous vapour, which being mixed with 
the air, was removed by expiration. 

A 3d clafs of phyfiologifts were of opinion, 
thai the change from the venous to the arterial 
ftate, depended upon fomfething which the air 
imparted to the blood, whence it acquired its 
vital properties, and became adapted to the per- 
formance of its appropriate funiflions. None 
of thefe opinions is altogether coireft even in the 
outline, and when their refpei5iive advocates pro- 
ceeded to detail them more at length, they dege- 
nerated into mere fanciful hypothefes. Lower 
had endeavoured to prove, independently of 
any theory, that the bright fcarlet colour which 
the blood acquires in the lungs, was owing to the 
atElion of the air, and we are now fo well affured 
of the fat^, that it feems to us fomewhat fur- 
prifing, that his experiments Hiould have pro- 
duced fo little convidlion. In order to difprove 
a notion which prevailed in his time, that the red 
colour acquired by the blood in the lungs, de- 
pended upon an innate fire kept up in the heart, 
he inflated the lungs of a dog recently killed, 
and he found that the blood was reddened ex- 
aSdy in the fame manner as during the life of 
the animal. Another favourite hypothefis preva- 
lent 



lent in his ume to account for the change of 

colour which the blood experiences in the lungs, 

viz, that it depends upon the comminution of 

its particles, owing to the agitation and prcflure 

which it undergoes in this part of the circulation^ 

Jie endeavoured to overthrow, by (hewing, that 

ibc blood in the lungs of a newly killed animal 

would be reddened in the ufual manner, though 

I they were kept continually dilated, and confc- 

qucntly almoft in a ftate of reft. As a further 

proof that the change of colour depends upon 

the action of the air, he obferves, that when the 

K blood is received into a bafin, the furface only 

I cf the craflamentum, which is expofed to the 

I air, acquires the fcarlet colour, while the other 

parts remain of the dark purple hue. (a) The 

\ experiments and reafonings of Lower produced 

\ little conviciion; the mathematicians (b) ftill 

I thought it more probable that the red colour 

which the blood acquires in the lungs, depends 

I upon the compreflion and agitation which it ex- 

|>eriences in this organ, Haller ftrongly oppofed 

the dodlrine oi Lower, and conceived that the 

I different (hades of colour depend upon the 

b greater or lefs proportion of red globules in the 

I blood, or the degree of compreflion which they 

fuffer. 



(a) De Cards, p. ISp— 153. 
lationts, p, 62—70. 



(l) Pllcaime, DUser- 



fufFer, and explains tlie bright fcarlet of the top 
of the clot, upon the fuppofition, that the red 
particles fubfide to the lower part, in confequence 
of their gravity, or are mure coinprefled than 
tbofe at the upper furface. ('aj After a long in- 
terval, the opinion of Lower was revived by Sig. 
Cigna of Turin ; he endeavoured to prove, that 
the change of colour in the blood, from a pur- 
ple to a fcarlet, in all calcs depends upon 
the aflion of the air, and his experimenta are 
fuch as fairly to eftablifli the fa&. They fcem, 
however, to have ejtcited little attention, and 
Cigna himfelf, in a fubfequent memoir, appears 
alnioft inclined to defert his former opinions, (ij 
It was at this period that Dr. Prieflley commenced 
his inquiry into refpiration ; he repeated and 
varied the experiments of Cigna, placed his con- 
clufions beyond the reach of doubt, and dif- 
clofed a new and important fcries of fafls, which 
lerved as the ground- work, for all the information 
that has been fmce obtained. The mutual 
ai^ion of the blood and air, which had been hi- 
therto admitted as a plaufible fuppofition, was 
now decidedly proved ; Dr. Prieftley introduced 
a piece of dark-coloured craflamentum into an 
.,,,1 , inverted 

*'' faj' PraUcl. Boer. Nolie ad. t. n. p. 214. El. Phijs. vl. 
"3. ir.'Nbte 47. ("O P'itsilcy's Exper. on Air, y. Ui. p. 
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color, and tfl^^^^ 



iDTcrted jar of atmofpherical air, tbe I 
fame time, afTumed tbc arterial color, 
j'«ir was found to have experienced the fame 
' change in its chemical properties as by relpira- 
tion. He afterwards proceeded to examine the 
I «iFe(£ts produced upon the crafTamentum by the 
I component parts of the atmofphere applied fe- 
|iarate!y, and by the other aeriform fluids which 
liad been recently difcovered. The purple co- 
■Bgulum was found to be reddened by oxygenous 
^as, ftil! more rapidly than by the air of the at- 
I tnoipherc : while in azote, in hydrogene, and in 
t fcarbonic acid, the contrary efFeds were pro- 
I duced, fo that pieces of bright fcarlet crafla- 
' inentum were reduced to the dull purple hue of 
-venous blood. The conclufions from thefe ex- 
periments were highly intereiling and important : 
they Ihewed that the alteration of color which 
the blood experiences in the lungs, depends upon 
the oxygenous part of the atmofphere; and re- 
ciprocally, that the change which the air under- 
goes when received into the lungs, depends upon 
the aftion of the blood in the pulmonary veflcls. 
The change which is in thefe cafes efFe<3ed upon 
the air, Dr. Prieflley fuppofed to be fimilar to 
> that produced by combuilion, which, in con- 
formity with his peculiar theory, he imagined to 
confift in the addition of pblogifton. He there-'' 

fore 



lore concluded, that the air in the longs acquired 
phlogifton from the venous blood, and that this 
abflrai£lion of phlogifton conftitutcd the principal 
difference between venous and arterial blood. 
Dr. Prieftley carried the refemblance between his 
experiments and the ai5lual ftatc of the lungs ftiU 
farther, by introducing a moiftencd bladder be- 
tween the craflamentum and the air; he found 
that in this cafe, the fame changes were pro- 
duced as in the former inftance, and thus ob- 
viated an objedlion which might have been made 
againft his experiments, that the blood and the 
air are not actually in contatSl in the lungs, but 
are feparated by the membrane of the veficles 
and the coats of the arteries. He likewife found, 
that the a»ftion between the air and the blood, 
was not interrupted by the intervention of a ftra- 
tum of ferum, or milk, but that when water, and 
fome other fluids which he tried, were interpofed, 
the change could be no longer produced. ("a^J 

The train of experiment which bad been 
opened fo fuccefsfully by Dr. Prieftiey, was pur- 
fued with no lefs affiduity by M. Lavoifier. This 
philofopher, by examining with more accuracy 
the Hate of the expired air, found that it had 
acquired 

Ca) Pntttley-i Exp. m Air. v. iU. p. 363— 37*. ^A'^- 
Trant. 1776. 




acquired a great addition of carbonic acid ; be 
bad already demonftrated, that ibis Aibilaace is 
compofed of oxygene and carbone, and he ac- 
cordingly concluded, (hat the air had acquired its 
, carbone from the venous bloud. In his I'ub^- 
\ quent experiments he (o far modified his original 
opinion, as to conjecture that, in addition to the 
carbone, a quantity of hydrogcne was likewtfe 
difengaged from the venous blood, which unitiog 
with another portion of oxygene, produced the 
water of expiration : according to Lavoifier, 
therefore, the chemical compofition of venous 
and arterial blood ditfcrcd in the former pof- 
feifing a greater proportion of hydrogene 
carbone. 



That the air in the lungs had acquired from 
the venous blood a quantity of carbone, was a 
fadl np longer to be doubted, but it was (lUl 
uncertain in what manner this change of com- 
pofition was effefled. Either the oxygene of the 
air is combined directly with carbone abftracted 
from the blood, and the carbonic acid is gene- 
rated by their union, or a quantity of oxygene is 
abforbed by the blood, and an equal quantity 
of ready formed carbonic acid difcharged from 
it. Lavoifier in his firft memoir propofes thefe 
two hypothefes without deciding in favour of 
either 
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either of ihem ; but in his later papers he adopts 
the former, and conlequently imagines, that all 
the changes produced upon the blood by refpira- 
tion, are brought about in the lungs. The hypo- 
thefis of Lavoifier was adopted with fome flight 
variations by moft of his contemporaries ; for 
the opinion of thofe chemifts who ftill adhered 
to the doiflrine of phlogifton, as Prieftley and 
Crawford, tnuft be regarded as fcarcely ditFering 
from Lavoifier's, except in the name of the fub-* 
fiance emitted from the venous blood, which 
was by one party called inflammable matter, or 
phlogifton, and was by the olher, with more 
precifion, ftated to be carbone and hydrogene. 

In order to complete this theory, it was iie- 
ceflary to point out an adequate fource, whence 
the blood may be fupplied with this carbonaceous 
or inflammable matier, which is perpetually dif- 
charged from the lungs. Dr. Crawford was the 
firft who paid much attention to this circura- 
flance ; he propofed the following explanation. 
The folids of the living body have a conflant ten- 
dency to decay ; their particles are continually 
changing, thofe which are no longer fit for per- 
forming their functions are removed, and dil^ 
charged from the body, while new ones are de- 
pofited in their room. The arterial blood which 
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is diftributed to all parts of the body in tbe mi- 
nute capillary veflels, is the vehicle by means of 
which this operation is performed ; it conveys 
the nutritious matter to the diiFerent parts of 
the body, and depofits it in fuch a manner as 
to repair the necellary wafte, while at the fame 
time it receives the putrefcent particles, which 
are become ufelefs or noxious to the fyftem, and 
carries them to the lungs, where they are united 
ito oxygene, and difcharged, together with the 
air of expiration. It is to the addition of this 
extraneous matter that Dr. Crawford attributed 
the change from arterial to -venous blood, and 
by the removal of it in the lungs, the blood, he 
imagined, is brought back to the arterial ftate. (a) 
The hypothelis of Dr. Crawford, refpe£ting the 
origin of the combuftible matter, was generally 
received by the phyfiologifts who adopted La- 
voifier's method of explaining the changes pro- 
duced by refpiration. This philofopher himfelf 
does not indeed appear to have paid any particu- 
lar attention to the fiibjedt ; it may be inferred 
from fome of his expreffions, that at one period he 
incHned to the opinion of Dr. Crawford, but in 
his later memoirs he feems to confider the pro- 
ducts of digeftion as the immediate fource of 

the 
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the matter confamed in refpiration. He how- 
ever ftill ftippofes, that the changes are effedled in 
the lungs, and it is therefore obvious that his 
theory muil be imperfect, as the blood becomes 
completely venalized before it receives the con- 
tents of the thoracic du<ft. 

This theory of refpiration, though certainly 
fimple and ingenious, was, however, found to 
be encumbered with many difficulties, for, inde- 
pendent of other obje<aion3, Dr. Crawford's ex- 
planation of the manner in which the blood ac- 
quires the fupply of inflammable matter, is by 
no means fatisfacftory. It is indeed admitted, 
that the particles of which the folids are com- 
pofed are perpetually changing, but it is con- 
- trary to all analogy to fuppofe, that the arteries 
are the inftrumenta by which this change is ef- 
fefled. The body is provided with a diftindt fet 
of veflels, which from their office are called the 
abforbents, whofe appropriate fun<5lion it is to 
remove all fuperfluous matter. There can fcarce- 
ly be a doubt, but that it is by the a^ion of 
the abforbents, that the ufelefs particles are re- 
moved, and thefe veflels have no communication 
with the fanguiferous fyftem, except by the inter- 
vention of the thoracic dudt, which receives 
all tbe fuhftances abforbed, and pours them 

into 



into the left fubclavian vein. There is no paflage 
hitherto difcovered, by which the blood can re- 
ceive any thing ab extra, from the lime it leaves 
the heart, until it arrives at the mouth of the 
thoracic diifl, when the circuit is nearly con- 
, eluded, and the blood has already become com- 
pletely venalized. 



A. fecond objedlion againfi this hypoihefis, 
perhaps no lefs decilive, wap derived from a cir- 
cumftance which had been not unfrequently ob- 
ferved, that on fome occafions the blood is con- 
verted to the venous ftate, while it ftill continues 
in the great trunks of the arteries. This change 
has been known to take place during iurgical 
operations, in which the courfe of the blood 
along the arteries had been intentionally flopped, 
and alfo in cafes where an extraneous, morbid 
body had prefled upon the veflels, and had pre- 
vented them from tranfraitting their contents in 
the ufual manner. Where the tourniquet has 
been applied for any length of time to the 
trunk of a great artery, the blood which firft 
flows through the veflel when the inflrumcnt is 
i-cmovcd, is fomctimes obferved to be of the ve- 
nous colour. Mr. Hunter remarks, that e\tra- 
vafated blood is in all cafes of a dark purple 
folour, though there is every reafon to fuppofc, 
axil ^h^t 
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that it often proceeds frtm the rupture of an ar- 
tery. He punctured the femoral artery of a dog, 
and afterwards carefully excluded the air from the 
orifice, a tumor was formed in the adjoining cd- 
lular membrane, this he opened after fome time, 
and the blood which it contained was found to ex- 
hibit all the venous characters. He then proceed- 
ed to perform the following fiill more direct aod 
decifive experiment ; he laid bare the carotid ar- 
tery of a dog and pafsed round it two ligatures, 
leaving between them an interval of two inches. 
After fome hours he pierced the part of the veflel 
between the ligatures, and he found it to contain 
dark purple blood. 'aj In thefe inftances it may 
be inferred, that the change which the blood ex- 
perienced could not depend upon any fubftances 
either received or difcharged, but upon an a^ton 
which took place among the bodies already con- 
tained In it. It is indeed admitted, that the ca- 
pillary arteries of the lungs poflefs the power of 
iranfmitting through their coats, various fub- 
fiances, which caufe the mulimt changes pro- 
duced in the air and the blood ; but the differ- 
ence in the thicknefs and texture of the branches 
of the aortic fyftem, and the minute capillaries in 
the lungs, is a fufBcient reafon for fuppofing that 
I their 
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iheir contents cannot be affeiled in the fame 
■inanner by external agents. The capillaries of 
the lungs, are moreover expofed to the action of 
"the oxygene of the infpired air, whereas the arle- 
'ries in the other parts of the body, independent 
"of the thicknefs of their coats, are not e\pofed 
to any external agent, which can be fuppofed to 
have the power of afFe(51:rng the compofition of 
"the blood which they contain. It appears indeed, 
'that the abfence of oxygene is a more important 
■circumftance than the mere thicknefs of the 
coats ; as we learn fiom the experiments of Dr. 
'Goodwyn, that the colour of the blood in the 
fmall veins of the neck of a rabbit, was in fome 
ineafure brightened, by diretling a ftream of oxy- 
*gene againft the outer furface of the veflels, 

I 'when the cellular fubftance was carefully remov- 

I td.faj 
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As it appeared therefore from thefe cin 
iiances, that blood may be converted from 
arterial into the venous ftate without the addition 
of any extraneous fubftance, it became neceflary 
'to abandon the theory of refpiration which attri- 
! 'buled this change to the abforption of inflamma- 
ble matter, during the aortic circulation, and to 

form 
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form one in which the alteration might be pro- 
duced by the mutaal action of the conftitaent 
parts of the blood upon each other, (a) This 
was accordingly done by M. La Grange, who 
propofed a new hypothefis, which M. Haflen- 
fratz adopted, aad illuftrated by feveral impor- 
tant obfervations and ingenious experiments, (bj 
The theory of M. La Grange, has been in fome 
refpe^s modified by Mr. Allen, fcj and with his 
improvements, appears to afford an eafy explana- 
tion of every phenomenon. 



According to this hypothefis, the blood in its 
paflage through the capillaries of the lungs, ab- 
forbs ONiygene, which is loofely united to the 
whole mafs of fluid ; by this union its colour is 
changed from a deep purple to a bright fcarlet. 
The oxidated blood is then carried along the ar- 
teries J in the courfc of the circulation, the 
oxygene leaves the whole mafs of blood, and 
forms an intimate union with a part of the hydro- 
gene and carbone contained in it, by this opera- 
tion it lofes its bright colour and aflumes the 
venous appearance. This portion of hydrogene 
and carbone, reduced to the ftate of an oxide, is 
then carried along the veins, until it arrives at 
1 3 the 

Ca) Note 49. flj Ann. de Ckim. I. ix. 
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the lungs, where, after being united with an ad- 
ditional quantity of oxygene, it is difchargcd 
I from the blood, and forms the carbonic acid, 
,and the aqueous vapour which are found to exift 
in the air of expiration. According to this by- 
pothefis, venous and arterial blood diiFer only in 
the arrangement of their component parts, in the 
latter cafe the o.xygenc is loofely combined with 
the whole mafs, whereas in the former, it is in 
clofe union with a portion of bydrogene and 
carbone only. As a confirmation of the aiTumed 
principle upon which this hypothelis is founded, 
M. Haflenfratz adduces an experiment performed 
by M. Fourcroy, in which venous blood mixed 
with oxygene immediately acquired the fcarlet 
colour, but after fome time, though it was ftill 
expofed to its acElion, it again became purple, ^a^ 
owing, as he conjedturcd, to a more intimate 
union, which gradually took place between the 
oxygene and fome part of the blood. Dr. Prieft- 
ley had feveral years before obferved, that arterial 
blood was rendered purple by expofure to azote, 
or to any of the gafes which did not contain oxy- 
gene ; in this cafe it may be inferred, that the gas 
attradled the oxygene from the mafs of blood 
with which it was loofely combined, for if the 
oxygene 

(aj Ann. de Chim. t. th. p. !■ 



oxygene had already been united to the carbone 
and hydrogcne, fo as to form carbonic acid and 
water, it is not probable that the mere expolurc 
to azote, could have dccompofed thcl'e fub- 
ftances. 



The difference between the arterial and the 
venous blood, according to this hypothefis, being 
fuppoied to confift principally in the more or 
Icfs intimate combination of the oxygene, M. 
Haflenfratz propofed to obfcrve the efFcii^s which 
would be produced, by adding to the blood oxy- 
gene in a condenfed ftate ; he employed for this 
purpofe the oxygenated muriatic acid. A quan- 
tity of it was accordingly poured into fome blood, 
when the fluid acquired a deep and almoft black 
colour. That this colour depended upon the oxy- 
gene, and not upon the muriatic acid, he proved 
by performing a fecond experiment, in which he 
ufed the common muriatic acid ; the blood in 
this cafe was merely rendered brown. From the 
efFefls of the oxygenated acid, he inferred, that 
the oxygene, being prefenied to the blood in a 
condenfed ftate, had immediately foimed a union 
with the hydrogene and carbone, and had confe- 
quently produced the fame change inftantane- 
oufly, which in ordinary circumftances, is only 
brought about gradually during the courfe of the 
circulation. 



circulation. M. Haflenfratz afterwards filled 
a number of tubes with arterial blood, and iealed 
them hermetically ; after (ixne time the blood 
became purple, and acquired the venous apjjear- 
ance. The fame aciion appears to have taken 
place in this inftance, between the conftituent 
parts of the blood, which is produced in the ca- 
pillaries of the aortic fyftem, and it was effe<f\ed 
in a fituation where nothing could be abforbed 
by the blood or difchargcd from it. The oxygene 
which had been previouily diilblved in the whole 
mafs, and had imparted to it the bright fcarlet 
colour, afterwards entered into a union witlt 
part of its hydrogene and carbone ; the colour 
was changed to a deep purple, and from the 
fituation in which the blood vias placed, it had 
not the power of difcharging the oxidated fub- 
ftances which it contained, or of attraifling a 
frefh fupply of oxygene. 



Thefe experiments certainly afford a fli 
confirmation of the truth of M. La Grange's hy- 
pothefis, and indeed they may be confidered as 
demonftrating that a change in the blood, (imilar 
to that which it undergoes in the courJ'e of the 
■ aortic circulation, may be cffeded merely by a 
different arrangement of its conftituent parts. 
Another circumftance io which this hypothefis 
paflefles 
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yofieflcs a moft decided luperiority over the for- 
mer, though not noticed by La Grange and Haf- 
fenfratz, is the facility with which it accounts for 
the introdu«£tion into the blood of a regular fupply 
of inflammable matter. According to the former 
theory, the change from the venous to the arterial 
date of the blood, depended upon the difcharge 
of the fuperfluous inflammable matter, a procefs*^ 
cfFeifted in the capillaries of the lungs ; the blood 
was therefore fuppofed to return to the right fide 
of the heart deprived of this fubfiance, but in 
pafling along the minute arterial branches, it ac- 
quired ab e\tra the hydro-carbonous matter, and 
was thus brought back to the venous ftaie : I have 
already alledged the objedlions againl): this sup- 
pofition. In the hypothefis propofed by M. La 
Grange, we may conceive the inflammable matter 
to enter ,the blood during any part of the circu- 
latioH, as the diiFerent Hates which this fluid af- 
fumes, depend not upon the abfolute quantity of 
the fubftances which it contains, but ujjon the 
ftate of thar combination. The nature of the in- 
flammable matter of die blood will be confidered 
more fully hereafter, at prefent I Ihall merely ftate, 
that the obvious fource of fupply confills in the 
contents of the thoracic duct, which are poured 
into the left fubclavian vcin.faj 

M. M. 
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M. M. La Grange and Haflenfratz, in con- 
formity with the opinion of M. Lavoifier, tha 
the oxygenous part of the atmoJphere only was 
employed in refpiration, fuppofed that this gas 
alone is abforbed in the lungs. The contrary 
opinion is, however, embraced by Mr. Davy. 
He obferves, that from the experiments of Prieftley 
and Cigna it appears, that venous blood can 
become florid through a ftratum of femm, and that 
coirfequcntly either the whole of the air of the 
atmofphere, or the oxygenous part of it, muft be 
■ diflblved by the ferum before it can arrive at the 
! red par'icles, fo as to change their colour. He 
I Ainks it probable that the whole air is abforbed 
I by the ferum, and that in this condenfed ftate, it 
is decompofed by the affinity which fubfifts be- 
tween O'.ygene and the red globules. A smalt 
I 'portion of the azote is alfo retained by the blood, 
but the greateft part of it is liberated without 
undergoing any change.CaJ 



Dr. Thomfon alfo fuppofes, that the atmo- 
ipheric air in its whole fiibftance is abforbed, 
bui that the greateft part of the azote is again 
difcharged. In favour of this fuppofition, he 
orges the experiments of Dr. Prieftley, and Mr. 
Davy, 
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Davy, in which a fmall quantity of azote is con- 
fumed in refpiration, and alfo the experiinents of 
the latter upon the refpiration of the nitrous 
oxide. As in this cafe the air of expiration con- 
(ifts of a part only of the gas infpired, mixed 
with a quantity of azote, it fnay be inferred, that 
the nitrous oxide is dccompofed by the blood, a 
procefs which both Mr. Davy, and Dr. Thoniibii 
conceive, can only be brought about by its having 
been previoufly diffulvcd in this fluid, (a) But 
the (late of combination in which the oxygene 
and azote exilt in the air of the atmofphere, and 
in the nitrous oxide, differs fo confidcrably, that 
even admitting the abforption of this latter com- 
pound by the blood, «e fliail not be authorized 
to infer, that the fame atftion will take place with 
refpcift to the former. Upon the whole I think 
it probable, that the blood exercifes its attraflion 
upon the oxygene alone, but that in confequence 
of the powerful affinity which a large mafs of one 
of thefe gafes poiTeffes for a fmall quantity of the 
othty, the oxygene which is abforbed by the 
blood, ilill retains a minute portion of azote in 
combination, fij 

- It appears then that the change produced in 
in- the 
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ihe compofltion of the blood, during its. paflage 
through the lungs is two-fold ; a portion of io- 
fiammable matter is difcbarged from it, and a 
quantity of oxygcne is abforbed. It ieems upoo 
the whole probable, that thefe changes are 
contemporaiy, and that the abforption of o.\y- 
genc, and the difcharge of inflanimable matter, 
at Icaft in ordinary cafes, proceed in cxacft pro- 
portion to each other. The immediate efFexS, 
upon the blood is to alter its colour from a deep 
purple to a bright fcarlet. M. HafTenfratz's ex- 
periment, in which arterial blood aflumed the 
purple hue, when enclofcd in tubes hermetically 
fealed.f^o;' favours the fuppofition, that this change 
of colour is more influenced by the prefeoce of 
tjie oxygene than of the inflammable matter. 



I ., A^ the blood is a heterogeneous fluid, com- 

LflOfed of feveral fubrtanccs, which arc loofely con- 

T ^efled together, and poflefs diiferent chemical 

Dropcrties, it has been made a fubjetft of inquiry, 

Hpon which of its conftituents is the atSion of the 

ftir more immediately exercifed. Of the two parts 

into which the blood fcparates by its fpontaneous 

I coagularion, the craflamentum and the ferum, 

.the former only has been made the fubjeifl of cx- 

periir 
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periment, and has been found to efftA a diminu- 
tion of oxygene^ and • a production of carbonic 
acid gas in the fame manner, as when the entire 
mafs of blood is expofed to the action of the air. 
From this circumftance, and alfo from the appa- 
rent fimilarity of the ferum to other animal fub- 
(tances which are not known to have any fpecific 
adUon upon the air, it is inferred, that the craila- 
mentum is the immediate agent in producing the 
change which is brought about in the procefs of 
refpiration. The craflamentum itfelf is a com- 
pound body, coniifling of fibrine and the red 
particles, the former of thefe fubftances appears 
to.poflefs the fame chemical properties with the 
mufcular fibre, whereas the red particles are bo- 
dies of a peculiar organization, they give the 
blood its colour, and by the different fhades 
which they affume, afford the principal indica- 
tion of the approaches which it makes - to the 
venous and arterial dates. On this account it 
has been prefumed, that the power of attracting 
the oxygcne from the atmofphere, refides in the 
red particles. The nature, and even the form, of 
thefe particles is ilil] involved in much obfcu* 
rity ; there is perhaps^ no fubjedl in the whole 
range of phyfiology, refpeding which more con-. 
tradiiStory opinions have been advanced, (^qj It 

has, 
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has, however, been long known that they cd 
tain 3 quantity of iron, and from Ibme late exf^ 
riments performed by M. M. Fourcroy and ^ 
qiielin/oj the iron appears to be united to i 
phofphoric acid, the compound liilt retaining 
excels of the metal in an oxidated (late, 
other component parts of the red globules 1 
been examined merely by the vague method of 
deftruflive diftillation, from which it can only be 
afcertained, that they contain the iame chemical 
elements with animal fubftances in general. The 
experiments of M. M. Fourctoy and Vaquelin 
render it probable, that the colour of the red 
particles depends upon the phofphale of iron, 
but it is ftill uncertain, whether this metallic 
fait poflefles the property of attracting the oxy- 
gene from the atmofphere, or whether this opers 
lion be not rather effetSed by the red particles I 
their whole fubftance. (b) 



Lavoifier was the firft philofopher, who formd 
any accurate idea refpefling the nature of the ilM 
flammable matter difcbarged from the blood, 
his firft memoir in 1777, he confiders it as com-' 
pofed entirely of carbone, but he afterwards con- 
ceived that a quantity of bydrogene was alfo ( 
engaged from the blood, and this opinion 

bei 
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been adopted both by the French and Englilh 
phyfiologifts. The firft of thefe efFedls, the 
difcharge of carbone from the blood, appears to 
be fufficiently eftabhftied ; a quantity of carbo- 
nic acid is found in the air after expiration, 
which did not previoufly exift in it, while the air 
is found to be deprived of part of its oxygene. 
Carbonic acid is afccrtained to be a compound of 
oxygene and carbone, and confequently the oxy- 
gene which has dilappeared, is fuppofed to be 
converted into carbonic acid, by the addition of a 
quantity of carbone which has been abflradted 
from the h\ood. faj. 

The proof of the difcharge of hydrogcne from 
the blood is lels direifi. It has been fuppofed, in 
the fame manner with the carbone, to be emitted 
in combination with oxygene, and it is indeed 
true, that a <juaniity of water, the fubftance pro- 
duced by the union of hydrogene and oxygene, 
is expelled along with the air of expiration. But 
we may point out another origin for the aqueous 
vapour without having recourfe to the hypothefis 
of its generation, by the direct union of hydra- 
gene and oxygene, either in the lungs, or In the 
courfe of the circulation. The inner furface of 
the bronchia and air veficles, is lined with a co- 
piona 
r«*.) Note a*. 



potu fecretion of a mucous matter, aod as the 
, longs are continually kept at a lemperalure of g0*^ 
l.ll may be fufpc^ed that the water exhaled ftbin 

1 idiem proceeds merely from the evaporation o^ 
Lifen of this fluid. As, however, the contrary 

2 'l^inion is gei>erally received, and is countenanced 
t^bjr the highcH authorities, it wilt be proper to ex- 

nine upon what foundation it is fupported. 

It appears that the difcharge of bydrogeoe 
■om the lungs was firft fufpeiSed by Lavoifier, 
1 confequence of the experiment which he made 
fnpon the rdpiration of the guinea-pig in oxy- 
tgsnc.fa) He was induced to form this conje^ure 
r|>y obfcrving, that a greater quantity of oxygene 
riad difappeared than wh:it was fufficient to com- 
ktpofe the carbonic acid which was produced, and 
jie confidered its union with hydrogene, and the 
conlequent production of water, as the moft pro- 
bable method in which the fuperabundant o.vygene 
could be employed. M. Lavoifier had already, 
in a former fet of experiments, noticed, that fome- 
what more caloric was difengaged by the prooefs 
of refpiration than could be afcribed to the for- 
mation of the carbonic acid emitted from the 
lungs. 
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langs,(aj and this difficulty he fuppofed might 
alfo be removed, by admitting the formation of a 
quantity of water, a procefa in which, as well as 
in the generation of carbonic acid, caloric is 
evolved. It is evident, that the firft of thefe ar- 
guments for the formation of water in the procels 
of refpiration, depends, in a great meafure, upon 
the truth of the peculiar tlieory advanced by M. 
Lavoifier, which fuppofes that the osygene at- 
traifls the inflammable matter of the blood during 
its paflage through the lungs, without entering 
into that fluid. But according to the hypothefis 
advanced by M M. La Grange and Haflenfratz> 
the whole of the oxygene employed in refpiration 
is conceived to be in the firft inftance abforbed 
by the blood, and there is no reafon to conclude, 
that the exa6l quantity of this gas, which is re- 
ceived into the fyftem by the lungs, is always 
difchargcd by the fame channel. Even if we 
were to admit this to be the cafe, it would ftjll 
remain to be proved, that the carbone which 
enters into the compolition of the carbonic acid, 
had previoufly exifted in that ftate of combina- 
tion which conftitutes pure charcoal, f'6^ This 
fubftance was conceived by Lavoifier to be an ele- 
mentary body, and his calculations were formed 
' upon 

CaJ Mem. Acad. i;eO, p. 405. J789. p. 56Q. ft) Note 



upon this fuppofition ; but the experiments of 
I Guyton and Tennant, have demonftrated, that 
I what was formerly confidered as pure carbone, 
I i^eady contains * 36 of oxygcne, and that confe- 
I quentJy, carbonic acid confifts of a greater pro- 
I portion of oxygene than Lavoifier fuppofed. It 
I ji however unneceflary to piirfue this calculation, 
L u we are not afiiired of the truth of the previous 
\ fteps upon which the hypothelis reAs. 

With refpe£t to the want of correfpondence 
between the quantity of caloric evolved in the 

I lungs, and the carbonic acid generated, although 
» might endeavour to remove this difficulty, by 

' taking into account the caloric difengaged during 
the formation of water, provided this circum- 
fiance were decilively proved by other evidence, 
yet it muft be confefled, that the experiments re- 
fpciEling animal heat, and the apparatus employed 
for meafuring its exafl quantity, are of too deli- 
cate a nature to ferve as a proof cf the fact. 

In addition to thefe arguments, which were 
urged by M. Lavoifier, to prove the generation 
of water in refpiration, M. Seguin adduces 
the experiments of Cigna, PrielUey, and Hamil- 
ton, where the fcartet colour of the arterial 
blood was rendered purple by expofure to hydro- 
genous 
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genous gas. The hydrogene, he fuppofes, is in 
this cafe abforbed by the blood, and he con- 
cludes, that if the abforption of hydrogene can 
Convert arterial into venous blood, the difchargfi 
of this body muft bring it back to the arterial 
ftate. (a) I think it a fufficient reply to this ar- 
gument to remark, that the fame change in the 
colour of arterial blood is brought about by the 
apphcation of the azotic and carbonic acid gafes, 
and even by placing it in vacuo, (lij 



From this view of the arguments which hawe 
been adduced to prove the generation of water 
in the lungs, and at the (amc time from a confi- 
deration of the more obvious fource of the aqueous 
exhalation, which is furniftied by the moifture 
always exifting on their fnrface, I do not hefi- 
tatc to conclude, againft the authority of lavoi- 
fier, f'cj that the difcharge of hydrogene from the 
blood has been admitted without fufficient evi- 
dence, and that at prefent we have no proof 
of the emiflion of any fubflance from this fluid, 
depending upon the eiFedts of refpiration, ex- 
cept carbone. (dj I regard the water of the pul- 
monary exhalation as produced by evaporation 
K from 
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from the mucous fluid which lines the ianer fur- 
&ce of (he hronchia and veiicles, and which is 

I fcparated from ihe blood by fecreiion ; the water 
t{iat is coatained in the blood mixed with the 
ferum, is poured into it along with the contenjts 
of the thoracic du6l, which are at all timj:; 

I largely diluted with this fluid, (a) 



The arterial has been obfervcd to differ 
I. the venous blood, in containing a le^ proportion 
I of fcrum and water, and this difference has been 
I attributed to the operation of the lungs; (bj but 
I it may, with more propriety, be afcribed to the 
I effects of fecretion and tranfpiration. It is pro- 
[ bable that the blood in its pa0age along the ca- 
I pillary arleries, is continually parting with its ii- 
I brine, in order to repair the wafte which the 
I muicular fibres experience, and the proportion of 
L its ferum will be confequently increafed when Jt 
I arrives at the veins. On the other hand, during 
I its paflage through the minute arteries of the 
lungs, a quantity of the water which it contained 
is employed in forming the mucus which lines 
I the bronchia and veficles, and in fupporting the 
[pulmonary tranfpiration. In the mean time the 
[ blood has received a frefh fupply of chyle, 



m 



(b) Richerand, p. 133. 



is the immediate fource whence fhe fibnne is 
produced. 

The hypothefis advanced by M. Cuvier, (aj 
which fuppofes that refpiration affifts in the con- 
verlion of chyle into fibrine, appears to be better 
founded. We learn from accurate analyiis, that 
there is a greater proportion of azote, and con- 
fequently a fmallcr proportion of carbone, in 
fibrine than in the chyle, the fubftance from 
which the fibrine is formed, fo that in order to 
produce this change, it is neceflary to remove 
from the chyle a part of its carbone ; but this 
we have already found to be one of the principal 
effefls produced by the procefs of refpiration. (bj 

The thoracic dufl pours its contents into the 
left fubclavian vein, at a little difiance from the 
termination of the venous fyftem in the right 
fide of the heart. It has been obferved, that 
when the blood arrives at this part of the circu- 
lation, the chyle ftill exifts in a ftate of imperfeiSl 
mixture with this fluid, but that after it has com- 
pleted its pafiage through the lungs, the globules 
of chyle are no longer vifible, and the whole 
forms one uniform mafs. This intimate mixture 
K2 of 
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of the chyte with the other parts of the I 
has been confidered as an ttfeO. of the refpini^ 
tion, but 1 think it more probable, that it is 
merely a mechanical operation, produced by the 
irHnfmiflion of the blood through the minute 
network of veflels which compoles the termins^ 
tioa of the pulmonary veins, and the com 
mem of the correfponding arteries. 

1 The difcovery of Dr. Black, that bodies 
-ffhicb indicate the lame temperature, are fre- 
quently combined with different quantities of ca- 
loric, perhaps the moft valuable of all the mo- 
dern difcoveries in chemiftry, opened a path to 
the explanation of the lingular phenomena of 
animal heat. This philofopher had previoufly 
examined the change eiFeiSed in the air by refpi- 
ration, and had found it to be in many refpe^ 
^milar to that produced by combuftion ; he ac- 
cordingly inferred, that in the fame manner as in 
the burning of an inflammable body, an extri- 
cation of caloric muft take place in the lungs. 
This hypothelis refpeAing the origin of animal 
heat was, however, advanced by Dr. Black, only 
as a plauflble fpeculation, and remained open to 
many obje£lions, when Dr. Crawford turned his 
attention to the fubjei^l. He performed many ela- 
borate experiments to determine the fpeciiic heat of 
a variety 
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a variety of difftrent fubftances, and purfuing the 
analogy which had been pointed out by Dr. 
Black, between the efFefls of combuftion atid 
refpiration, he particularly examined the ftate of 
the blood before and after it had pafied through 
the lungs. The refult of his labours was the 
difcovery of the important fatft, that the blood 
has its capacity for heat increafed by its conver- 
fion from the venous to the arterial ftate, in con- 
fcquence of the change produced in it by the 
aflion of the air. He determined the capacity 
of venous and arterial blood to be in the propor- 
tion of 10 to 1 li.faj 

As the production of animal heat appears lo 
be one of the moft important ufes of refpiration, 
I Oiall, in adherence to my propofed plan, defer 
to the 4tb divifionof this eflay, the farther con- 
lideration of this curious part of the animal con- 
flitution. I fhall then examine at fome length 
the theory of animal heat as originally propofed 
by Dr. Crawford, together with the various mo- 
difications which it has received from the inge- 
nuity of thofe phyfiologifts who have ftill more 
recently inveftigated the fubje(5l. 

We have now reviewed in fucceffion the 
changes 

(aj ObstTvatiovs on Animal heat, p. 277. 
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ehanges whicb arc fuppoCcd te be tffodted in tbe 
blood by refpiratioD. It will be perceived, that 
notwiibflanding the difcovery of many imponaDt 
&CiS, the fub)eA fiili remains involved in much 
Obfcurity. This mult be, ia a great meafure, at- 
tributed to the difficolty of per&nning esperi- 
meots upon a fubfiaace like tbe blood, compofed 
of a namber of difiereni ingredients, connected 
together by a complicated fyAem of affinities, 
which is liable to be difturbed by tbe operation of 
almoft every external body. The difference be- 
tween the arterial and the venous blood is rather 
inferred from the comparifon of a number of ob- 
fervations, that have been made upon the body in 
its different ftates, than afcertained by tbe dire<% ' 
refult of experiment, and confequenily tbe infor- 
mation which we have acquired upon this fut^ecl, 
is ftill vague and imperfe<^. There are, however, 
a few points, which the labours of the modern 
phyfiologifts feeni to have clearly eflabliflied, and 
from the progreffive ftate of chemical Icience, 
we have reafon to expert: that their number will 
gradually increafe. 



The prefent ftate of our knowledge, refpe^- 
ing the change produced on the blood by refpi- 
ration, may, I think, be comprized tn the fol- 
lowing propofitions. 

1. The 



f 1 . The blood which is expelled from the right 

ventricle of the heart, into the pulmonary artery, 
ia of a dull purple colour ; during its paflage 
through the capillaries of the lungs, its colour 
is converted into a bright fcarlet, in which ftate 
it is returned to the left auricle of the heart. 

2. The change of colour is effeded by the 
oxygenous part of the atmofpheric air, which is 
received into the veficles of the lungs. 

3. The blood in pafling through the lungs, 
emits a quantity of carbone, which is expired 
in combination with oxygene, under the form of 
carbonic acid gas. 

4. The blood poflefles an attraftion for oxy- 
gene, and during its paflage along the capillaries 
of the lungs, it abforbs a quantity of this fub- 
ftance. 

5. To one of thefe circumftances, viz. the 
emiffion of carbone, and the abforption of oxy- 
gene, or to the combination of -the two, is to 
be afcribed the change from the purple to the 
fcarlet colour, which the blood undergoes dur- 
ing its paflage through the lungs. 

6. The 



f). The fame change of colour is prodoced, 

when a portion of the clot of venous blood, 

U expofed to the a<5lion of oxygeoous gas, and 

I the procefs is not interrupted by the interpo- 

I fition of a moiftened membrane, or a ftratum 

of ferum, between the crafTamentum and the 

, «ir. 

7. When artcfial blood is expofed to the 
azotic, hydrogenous, or carbonic acid gafes, 
or placed in the vacuum of an air pump, it 
(flumea the purple hue of venous blood. 

8. The oxygene, which is, in the firft in- 
fiance, loofely combined with the whole mafs of 
blood, during the courie of the circulation, gra- 
dually enters into a more intimate union with a 
part of its carbone, and forms with it an oxide. 
When this oxide is brought back, to the lungs, 
it unites with an additional quantity of oxygene, 
fo as to form carbonic acid, and is then removed 
with the air of expiration. 

9. The blood receives its fupply of carbo- 
naceous matter from the contents of the tho- 
racic duft, which are poured into the left I'ub- 
clavian vein. 



Mi; 



10. It 



10. It has been fuppofed that, befideB the 
carbonci a quantity of hydrogsne is difcharged 
fixjm the blood by the langs, but, this opinion 
appears to have been adopted, without fufficient 
foundation. 

11. In confequ5nce of the abftraflion of a 
quantity of carbone from the blood, the propor- 
tion of azote in the refiduum is augmented ; it is 
alfo probable, that a fmall quantity of azote is 
abforbed by the blood, immediately from the 
atmofphere. 

12. When blood is converted from the ve- 
nous to the arterial flate, its capacity for heat 
becomes increafed j the fpecific heats of venous 
and arterial blood are in the proportions of 10 
to Hi. 

13. The bloodj in confequence of its paf- 
fage through the lungs, appears to have its con- 
ftitacnt parts more uniformly mixed together, 
but this effect is to be attributed merely to the 
agitation and prelTure which it experiences dur- 
ing its courfe through the minute and convo- 
luted net-work of veffels which compofe the ca- 
pillaries of the lungs. 

14. Betides 



ipB 



-r.. »< 



14. Bdldcs th4 pucpQDfiiuioes whicIi«>haTe 
been .enooMSated, the artaial diSka ^ivrntbe 
venous bloddj in coniequeoce <rf*! the fabfianoee 
feparated fitun it to fcMrm the difibepiiecreiiiOiiS:; 
but tbefe changes are not to be attributed* to' the 
effeds of refpiration, and it If abfolutely impof^ 
fiblie to appreciate their aipoipit* . 



4 

^ .^5. A. confiderable qup^Qtily of aquwus iw-t 
ppur. is emitted from t^ blpod^ but this is the 
efib^tiOf tnmfpiration^ ^aud confifls of water 
which had been poured into the blood ready 
formed by the thoracic dudl^ along with the 
other pfodiji^s of digeiUoa ajaA abforptioh.. - : 
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CHAP. IV. 
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/ ■ 



On the respiration of the diffirent Gases. 

■••''...' ■ 

* » 

■ I 

It is probable that no aeriform fluids except, the 
cdmpound of oxygene and azote which exifis 
in the atmofpber^ is adapted to the permanent 
fuppbrt of life« Of the other gaies, ihere art 
{otncy which on account of their irritating na« 
ture^ it is abiblutely impoffible to receive into 
the trachea; thefe properly conftitute the non- 
refpirable gafes. There are^ however, others 
which it is poffible to infpire, though their em* 
ployment is followed iboner or later by the ex* 
tin&ion of life. I ihall detail fome of the" prin* 
cipal experin^nts that have been performed on 
this {fx\^e&, as the nature of the change produced 
upon the blood by common refpiration may be in 
fome meafure illuftrated^ by obferving the ef- 

fcds 



(c&s which follow the ufe of the other gafeotw 
bodies. 



Soon after the difcovery of the appropriate 
power which the osygenous pari of the atrao- 
fphere poflefles, of fupportinganima! life, feveral 
trials were made of the effects which would re- 
fult from breathing it in an unmixed ftate. The 
accounts given by thofe who were the fubjedls of 
thefe trials were various ; Dr. Priefiley, who firll 
made the experiment, conceived that he felt an 
agreeable lightnefs in the cheft/o^ fome perfons 
fuppofed that it produced exhilarating effe<5ls 
upon the fyfiem, while others imagined that the 
employment of this gas was followed by uneali- 
nefs and pain about the region of the thorax. 
Thefe diiFerent fenfaiions muft be attributed in a 
great degree to the effcffts of imagination ; in 
part, however, they may be afcribcd lo the gas 
which was employed in the earlier period of the 
pneumatic experiments having been often in an 
impure fiate, mixed with acid, acrid, or metallic 
panichs.fbj A difference in the efFefls produ- 
ced by the refpiration of the gas, ought perhaps 
in fome degree alfo, to be imputed to the manner 
in which it was received into the lungs, whether 

only 
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only in fmall quantities, or by deep and laborious 
infpirations, and whether it was employed in a 
coodenfed or a rarificd ftate. 

As Dr. Prieftley was the firft perfon who him- 
ielf refpired oxygenous gas, fo he was likewife 
the firft who obferved the effc&.s which it produ- 
ced upon animals attogether immei~red in it. His 
experiments were performed upon mice ; they de- 
cidedly proved the iliperior power which this gas 
poflefles of fupporting animal life, but no otlttr 
certain conclufions can be deduced from ihem.(a) 
M. Lavoifier afterwards turned his attention ii» 
this fubjefft, and in the experiments upon guinea- 
pigs, to which I have aheady referred, he noticed 
with more accuracy the efletSs refuhing from the 
refpiraiion of oxygene. He examined the tiatc 
of the internal organs of animals wliich had been 
for fome time confined in this gas, and he con- 
ceived that a degree of rednefs and turgeJ'cencc 
of the veflels was produced, and other effeifli 
which indicated that the fanguiferous fyllem had 
been in a ftate of encreafcd a&ioo.(bJ There is, 
however, reafon to infer, that in this cale, either 
the gas employed was in an impure ftate, or thst 
there were fome circumftances attending the fitua- 

tion 
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tion of ihe animals, or the manner in which the 
; experiment was conduiSed, which afFeiled the re- 
fuhs, for the fame philofopher, in the fubfequent 
memoir of I789, where there appears to have 
been the greateft attention to accuracy, and where 
Lihe moll: perfeifl apparatus was employed, forms 
entirely oppofite concljifions. In this paper, we 
are informed, that he confined guinea-pigs in pure 
oxygene, and in mixtures of oxygene and azote, 
in different proportions, until the former confli- 
tuted only one-fifteenth part of the compound. 
In all thefe cafes, he found that the fame quantity 
of ox-ygene was confumed, a circumftance, he 
obferves, in which refpiration differs remarkably 
from combuftion, though in many refpedls, thefc 
operations are limilar to each other. The efFe6ls 
produced upon the animals were precifely the 
fame, whether they were confined in pure oxy- 
gene, or in any of the mixtures of it, except 
that when the proportion of azote was very large, 
they exhibited marks of drowlinefs. The author 
expreflly informs us, that neither the temperature 
. nor the circulation were in any refpefls affedied 
-by the infpiration of pure oxygene for the fpace 
of feveral days.faj Thefe experiments muft be 
confidered as very valuable ; there is no reaibn to 
doubt 



doubt their accuracy, and they may be relied on 
with more confidence, as the author Teems to 
have had no peculiar theory in view when he per- 
formed them ; indeed the refults are different 
from what we might previoufly have expedled, 
and are unfavourable to the analogy which La- 
voifier had aiwaysendeavoured to eliablifh between 
refpiration and combuftion. 

We have an account given by Dr. Higglns of 
the refpiration of pure o.iygene by the humnri 
fubjeiS; in one expcnment, thirty-eight piiiis of 
thisgas were refpired without interruption. Ko 
inconvenience was experienced, a fenfe of warmih 
was, however, produced in the cheft, and the 
pulfe was confiderably quicitened.fa^ From the 
experiments of M. Lavoifier, I am induced lo 
conjeifiure, that this encreafed rapidity of the 
circulation muft be attributed rather to the greater 
efforts which almoft neceflarily attend refpiration 
when continued for any length of time in the 
way in which it was performed in this proccfs, 
than to the effe£ts of the application of the 
increafed quantity of oxygene to the lungs. Dr. 
Higgins, in a 2d experiment, breathed a quantity 
of oxygene under an additional pretTure, and 

by 
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by very full iiifpi rat ions. He coDceived that by 
thefe means its confumption was much promol- 
cd,(aj but more numerous and accurate experi- 
riments will be required before this inference can 
be fairly eftablifhed. 

In the year 1794, Dr. Beddoes publiOied 
his experiments upon this fubjetft. They were 
performed upon rabbits, and the attention was 
principally diredled to an examination of the 
ftale of the internal organs of the animal, after 
it had been fubje<fted for fome time to the influ- 
ence of pure oxygene. The author commences 
his inquiry, by Hating, that " Dr. Prieftley and 
" M. Lavoifier, found animals either to die or to 
" become exceedingly ill in fuch air," (oxygene 
little diluted) " while it continues more oxidated 
*' than the atmofphere." ('^-^ There is no reference 
made to any particular paflage in the writings of 
thefe philofophers, but from the extracts which 
I have given, it would appear that their fenti- 
ments are altogether of an oppofite n&ture. fcj 
Dr. Beddoes quotes the earlier experiments of 
M. Lavoifier, but the later and more decilive 
ones in the memoir of 1789 are not noticed. 
It is on the contrary taken for granted, that when 



faj Minnies of a Sacitty, i^c. p. 152. fbj Beddoes & 
fact. Airt, pt: i. p. 13 CcJ Sec Notn 6l and 62. 



an animal has been for fome time confined in air, 
which contains a greater proportion of oxygene 
than the atmofphere, the body becomes, aa he 
cxprefles it, oxygenated He had previoufly 
formed an hypothecs relpei^ing the operation of 
oxygene upon the fyftem, according to which the 
long continued infpiration of it was fuppofed to 
induce an inflammatory flate, and he accordingly 
found indications of this peculiar condition in 
every part which he examined. The lungs were 
florid, and in fome places they were marked 
with livid fpots, the pleura was inflamed, the heart 
retained its irritability for a longer fpace of time 
than ufual, the blood coagulated more rapidly, 
and the liver was of a lighter colour than ordinary. 
The whole fyflem was, as it were, fo completely 
faturated with oxygene, that the immerfion in 
hydroifcnous gas, and in water, did not deflroy 
the animals, until after a longer interval than 
ufual ; a (aS. which remarkably coincided with 
the theory refpefling the cau(e of death in fub- 
merfion, which the author had previoufly formed. 
The great difference between the refults of thefe 
experiments, and thofe of M. Lavoifier, will 
appear the more remarkable when we conlider, 
that in the experiments of the latter, the animals 
were expofed to the influence of the oxygene 
for feveraL days, whc '~aa thofe of Dr. BeddoeB 
L oceupied 



J 




u6 

occupied a much (horter fpace of Ume. Indeed 
we are expreifly informed, that the air in which 
the animal had been confined, " (eemed to 
" have fuffered little diminution either in quan- 
" tity or quaHtyj'Y<l^ notwithftanding which, 
thefe lingular changes were induced upon the 
body. It is.iD3poi£ble to reconcile opinions and 
experiments fo contradiiSory as thole which I 
have related ; our judgment muii in fuch in- 
flances be guided pardy by the general charafler 
for corre6tnefs and impartiality which we attach 
to the works of the refpe»5tive authors, and 
partly by comparing thera with the refults of 
experiments which in any degree relemble them. 



We are indebted to Mr. Davy for fome inter- 
efting experiments upon the refpiration of oxy- 
gene, which appear to have been performed with 
his accuftomed corrcflnefs. He fuppofes that 
life is finally deftroyed by the long-continued em- 
ployment of this gas, and refers for the proof of 
bis opinion, not only to the refults of his own ex- 
periments, but to thofe of Dr. Beddoes and M. 
Lavoilier. He does not, however, notice any par- 
ticular paflagc in the works of this latter author, 
and confidering the very dite6l nature, both of 

his 
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his experimeTils and opinions upon this pointi'U' 
may be conjedlured, that Mr. Davy has been iri- 
advertentiy milled by the aflcrtions of Dr. Bed- 
does. Indeed Mr. Davy's own experiments ap- 
pear to lead to conclulions diameiricaliy oppofite 
to thofe of Dr. Beddoes. He refpircd the fame 
porlioti of oxygcne for feveral llicceffive times,' 
and then accurately afcertained the exadl qtian^ 
lity of it which had been confumed, and of car- 
bonic acid which had been generated, when he 
found, that both thefc quantities were lefs than in 
the ordinary relpiratioii of atmofpheric air, he 
obtained the fame rcfults when mice were made 
the fuhjefts of his experiments, fc^ It appears 
therefore, that in this inftance, if any ahcration 
he produced in the fyfiem, it muft arift rather 
trora a deficiency than from an excels of oxygene. 
But notwithftanding the attention with which 
thefe experiments appear to have been condutfted, 
an objection may, I think, be urged againft them 
from the erroneous eftimale which Mr. Davy 
formed of the capacity of the thorax in a ftate of 
complete expiration, a datum which is employed 
in the calculation of the quantity of oxygene 
left after the procefa. (bj 



'^-^rom the review of the experiments which 
L 2 bavc 
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have been made upon the fubjed, I tbiok myfetf 
juftified in concluding, that we hoTc not yet 
any direct proof that the refpiration of oxygene 
is injurious to the animal ceconomy. It is, how- 
ever, not irapoffibic that it may be the cafe, 
were the gas applied to the lungs for a fufficient 
length of time, but we have no ground either 
from experiment or obfervation, to enable us to 
determine what peculiar morbid aiSlion would 
induced. 



Among the remaining refpirable gafes, that 
which appears to be the leaft injurious to the liv- 
ing body is the oxide of azote. This aeriform 
fluid was firft difcovered by Dr. Prieftley, and 
was by him fuppofed to be " in the higheft de- 
" gree noxious to animals." faj The fociety of 
Dutch chemiils, who afterwards examined its 
properties with more accuracy, coincided with 
Dr. Prieftley, as to its efFeds upon animal life, (bj 
The experiment was, however, repeated by Mr. 
Davy, and he difcovered not only that this gas 
may be refpircd for a Ihort time without inconve- 
nience, but that the employment of it is fuc- 
ceedcd by a Angular excitement of the nervous 
fyftem, which differs from that produced by aico- 
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bol and opium, in not inducing a fubfequent 
ftate of exhauftion. Mr. Davy has alfo proved, 
thai it is abforbed by the blood in conliderable 
quantity, and he imagines that it is dccompofed 
by this fluid, faj I have already ventured to ex- 
prefs my doubts as to the corrednefs of this 
latter conclufion.j'i^' 



Hydrogenous gas has been frequently refpir- 
t^d,fc) and it is now pretty generally agreed, that 
it is altogether paffive when received into the 
lungSj and that death fucceeds the employment 
of it in confequence of the exclufion of oxygene, 
in the fame manner as by JiifFocation, or drown- 
ing. M. Lavoifier diftindlly afcertained this 
/aft, in his experiments related in the memoir of 
178g, and it has been fince confirmed by Mr. 
Davy, (dj It muft be remarked, however, that a 
contrary opinion refpedling the efFcifts produced 
by the refpiration of hydrogene has been main- 
tained by fome eminent chemifts, even by Dr. 
Prieftley himfelf; (ej but his experiments were 
made in the earlier period of the pueuinatic 
chemiAr/j 

faJ Researchei, p. iOQ, tif teg. (h) Sec Note 50. 
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ItHhPfniftry, when the gafes were frequently 
iloyed in an impure ftale, and the experiment^ 
Mr. Davy, clearly demonflrate that hydro- 
[ J;rnou8 gas produces diiFerent efFe<^s upon the ftrf 
I tcm, according to the fubftanccs from whicHj 
I Js procured, joj 



The experiments that have been made x 
; fubjei5l of azotic gas are few and imperf 
[ It has been generally fnppofed, that it exercifes 
IIo noxious effects upon the blood, hut like hy- 
' drogene, deltroys life fimply by preventing the 
^cccfs of oxygene. Dr. Higgins indeed remarks, 
.that an animal dies fooner when tmmerfed in this 
I igas, than from the fimpic interruption to rcfpi- 
I !*ation,f6^ but we are not informed upon what 
I data this opinion is founded. Mr. Davy likewife 
1 iExperienced the fenfe of fuffbcation more fpce- 
I JDiIy from the ufe of azole, than from that of 
I Jly<lrogene, biil it appears that the gas employed 
I in the experiment contained a quantity of carbo- 
I jDic acid.f'c^ to which we may, with great proba- 
1 .bility, afcribe its noxious effc<Ss ; and the fame 
I jlhllofopher, when fpcaking in general terms of 
[ ^^e atilion of azote in rcfpiration, feems to conli- 
I .ier it as merely excluding oxygene. (dj This 
Opinion 

faj Researches, he. cU. CiJ Minuies of a Sod 
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opinion is adopted by Dr. Thomfon, fa) and was 
uniformly maintained by M. Lavoifier. ffij It 
would certainly appear reafonable to conclude a 
priori, that a fubfiance which enters fo largely 
into the compofition of the atmofphercj and 
which confequentl'y compofes fo great a propor- 
tion of the contents of the lungs, could not 
exercife any noxious efFeds upon the animal 
fyftem. 

The only remaining gas which is capable of 
being received into the lungs, is the carbonated 
hydrogene or hydrocarbone. If it be infpired 
in an undiluted itate, it is followed by inltant 
death, and when employed in fmall quantity only, 
mixed with atmofpheric air or with oxygene, if it 
be ufed for any length of time, it induces vertigo, 
dimnefs of fight, convulfions, lofs of fenfation, 
and in fhort, every lymptom of approaching 
diflblution. It evidently atis more rapidly and 
powerfully than thafe gafes which merely exclude 
oxygene from the blood, and muft confequcntly 
be confidered as exercifing a pofitively noxious 
influence upon the animal oeconomy. Thefe fa- 
tal effet^ts have been attributed by fome authors to 
its fuddenly abftra6ling all the loofe oxygene fi-om 

the 
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the blood, and thus completely depriving that 
fluid of the properly by which it fupporta the ir- 
ritability of the mufcular fibres of the heart and 
arteries. To this hypothefis it ma)' be objc<^ed, 

I that the hydro carboDous gas does not io other 
cafes appear to polTefs that powerful attraction for 

' oxygene, which could induce fo rapid a change 
in the compoiition of the blood ; and it may be 
&rther urged, that if it be taken into the lungs, 
mixed with a ()uantity of oxygenous gas, pro- 
vided it be not too much diluted, it will (ii)I be 

' found to produce its accuftooied fatal effedls. 
The noxious influence of this gas is, I conceive, 
with more propriety referable to its a£tion upon 
the nervous fyllem, upon which it produces di- 
rectly sedative z^c£is.(a) 



All the remaining gafes are found to be flrit5lly 
Bon-refpirable, i. e. incapable of being admitted 
into the trachea. It is obvious that this mud be 
the cafe with the irritating acid or alcaline gases, 
and with the nitrous gas, which during its pailage 
into the lungs, muft unavoidably be brought into 
cxintaCt with oxygene, and thus produce nitrous 
acid vapour The only fubftance refpeding the 
leTpirability of which there could be any doubt, is 

the 



tnc 



the carbonic acid gas, which, though poflefled of 
the decided chara«5leri flics of an acid, exhibiti 
them in a much flighter degree than that in which 
they generally eAifl:. The impoilibility of talcing it 
into the lungs, even by the moll powerful voluo- 
tary efforts, when it compofes a large proportion 
of the air, was however proved by the experi- 
ments of M. Pilatre de Rozier,''cJ executed with 
that intrepidity which formed fo remarkable x 
trait in the chara&er of this phitofopher. 

With thefc remarks I fhall conclude the fe- 
cond divifion of my fubje^l, and at the fame time, 
ihe prefent volume. The third part of the eflay, in 
which i propofe to treat of the different affections 
of refpiration, mufl principally confift of original 
obfervations and experiments, and though 1 have 
made fome progrefs in them, they are flill in too 
imperfeift a flate to meet the public eye. Ph_yfio- 
logilU have in general been more inclined to form 
hypothcfes than to execute experiments, and it 
has neceflarily enfued from this unfortunate pro- 
penfity, that their fcience has advanced more 
flowly than almofl any other department of natu- 
ral philofophy. The fubjetfl of refpiration has 
indeed of late attra<^ed the attention of the 
chemifts, 

(t.) /earn, dt Pkys. t. xxviii. p. -1S2, isf tiq. 
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ehemiffd, aftd'dts pbtoomcna have been itwefti^ 
'gated witb i6ornfiderable ailiduity. A proportional 
advancement in our knowledge has been con- 
fequently produced, but there ftill remain man^ 
queftions to be folved, and many difficulties to be 
removied. Some of theie difficulties have ap- 
piaiied in tliofe parts of the fubjedt which have 
^afled under our review, but they will be fotind 
to exift in much greater number in the remaining 
divifions. How far.it will be in my power to re^ 
move any of them, it would at prefent be pre- 
fumptuous in me to determine, though I think 
myfelf juftified in auguring favourably of the 
events! of my experiments, from the interefling 
refults of thofe which I have already performed. 



NOTES. 
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NOTES. 



Note I. 

M. CUVIER ftates, that there are fomc very 
imperfe^l animals, in which no appearance of re- 
fpiratory organs has yet been difcovered ; (a} but 
we are induced by analogy to fufped, that ia 
thefe cafes, future and more accurate obfervationg 
will enal^e us to dete<S): the apparatus by which a 
function is performed, which feems abfolutely efr 
iential to the exiftence of animal life. 

In conformity with the cuftom of the moderA 
phyfiologifis, the word refpiration is here em- 
ployed to lignify that operation by which the 
blood and the air are enabled to a6l upon each 

other^ 

t^J Ltfons tJnmiimie Camparie, i. i. p. 42. 
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otbef, though, according to the etymology of 
the term, it ought only to be applied to thofe ani- 
mals that are fiirnifhed with lungs. The ne^ 
ceffity of oxygene for the fupport of the life of 
fifh, was firfl difcovered by Dr. Priefliey fa); it has 
been fince confirmed by Sig. Carradori fbj and 
others. 

Note II. 

A good defcription of the comparative ana- 
tomy of the organs of refpiration may be found in 
Mr. John BelPs Anatomy, vol. ii. c. 3. 

Note HI. 

It has been imagined by fome phyfiologifts, 
that infedls differed from other animals in the 
chemical change which their refpiration produced 
in the air, but this opinion is proved to be er- 
roneous by the experiments of Vauquelin. ('cj 

Note IV. 

This idea refpedling the termination of the 

bronchia, 

(aj Experiments on Air, v. iii p 382— 7* C^J Ann, 

de Chimie, i, :l%ix, p 171> 2. (O Ann, de Ckim. 

i. xii. p. 273. 



pironchia, which is generally adopted by the 
modern aoatomifts, relts altogether, or in a great 
meafiire, upon ihe microfcopical obfervaiions ot' 
Malpighi, Succeeding phyfiologifts have not 
been able to trace this miiiuie ftru£lure, and 
fome authors of refpedtability have not I'crupled 
to deny its exifience. Among others, Helvetiiis 
endeavours to prove that the bronchia terminate 
in a cellular or Ipongy lifliie, compoled of a de- 
licate or membranous fubHance, the cells of which 
have no determinate ligure, or regular conncKioii 
with each otherfw^ There is indeed every rcafon 
to fuppofe with Chetelden, ("i^/ that Willis and 
other fubfequent anaiomilU, who have dcfcribed 
and delineated dillin^, rounded veficles, have 
ciLceeded the limits of accurate obfervation. Mal- 
jjighi, upon whofe authority the belief of the 
exifience of this peculiar Ihudlure is founded, 
exprcires liimfclf in the following manner, " Dili- 
" genii indagiue inveni totam pulmonum molem, 
*' quEB vafis excurrentibus appenditur, efle aggre- 
" gatum quid ex Icviflimis & tenuiflimis mem- 
•' branis, qute extenfas & linuatas pciie infinitas 
*' vesiculas orbiculares, & finuofas cffonnant, vc- 
** hiti in apum favis alveolis ab extcnfa cera in 
" parietea confpicimus," And again, " mem- 
" brana iftse veficula videntur etformari ex de- 
" finentia 

('#J Mtm, Ai*i. 17I8, (li) Chtttidtn't Anatomy, p. ITS 
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'* fineatia tracheae, qtue nctremitatc, et tateriboi 
** in ampullofos finus faceflens, ab his in Tpatia, 
" & veliculas iD*quales terminatur."^c> This 
delcriptton by no means conveys the idea of the 
regularly rounded vclicle, which has been adopted 
by fucceeding anatomiils, and is delineated by 
Willis//^ The analogy of the frog and tonoife 
is certainly in favour of the opinion of Helvetiosi 
the ftm^are of their lungs, which is Ids minute, 
evidMitly difcovers the lerminaiibn o( the bron- 
chia to be a congeries of irregular, membranoDB 
cavities. Haller, with his accuftomed candour, 
after ftating the oppofite authorities, confelles 
that he was at one time inclined to doubt the 
generally receiYed opinion, although he after- 
wards faw reafon to acquiefce in the do^rine of 
Malpighi. fc^ M. Dumas, who gives a full ac- 
count of the different opinions that have been 
entertained upon this fubject, feem* inclined to 
adopt an intermediate one between that of Hel- 
vetius and Haller. fdj 

Note V. 

Many phyfioIogiUs, fantflioned by the autho- 
rity 

faj Ipitl, tkpalm. i, ^J Pharv. Bat. sect. i. sap. 
i.j Tab. 3- fcj El. Phys.vaL 2. 29, 30. t^ tfola ad 
Seer. Prcelect. t. ii. p. IW. *. (d) El. Phj,i. t. id. p. 
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lity of Galen and Harvey, have fuppofed, that 
there was a quantity of air contained between 
the lungs and the thorax; Hoadleyfa^ and 
Hales(bJ endeavoured to prove this point by ex- 
periment. Indeed fo prevalent was this opinion, 
even half a century ago, that Haller thought it 
neceflary to apologize for embracing the oppofite 
fide of thequelllon; his philofophic language on 
the occafion deferves to be quoted. " Candide, 
" nulla partefui roboris diifiinulatajadverfariorum 
" argumenta propofui ; fuperat, ut oftendam, 
" cur ab iis aut aufloritatibus, aut experimentis 
" non paflus fim me perfuaderi. Nequc enim 
" hie quid-quam valuit aut prsceptoris mei gra- 
" tia, aut adfinis mei, adquc eam uiqtie phmam 
" iilam Boerhaavianffi fententiEe propugnationem 
" fatis amici, Hamburgcri odium, neque concer- 
" tationis inde natte tasdium ; neque ulla cei"lc 
*' caufa mei dilTcntiendi eft, praeter ea, qua: 
'* nunc produco, rationum momenta. Neque me 
" malus pudor retinuerit. Facile enim video 11- 
" quidem contrariara meae opinionem cxpenfam 
" prseponderare fcntirem, veram me gratiam, 
" finceramque laudcm, apud " candidos virtutis 
" jeftimatores meriturum, fi ex longo opere, 
" quod in ajtatem durare velim, errorcm etiam 
" ferp 



Rispirallon, chap. 



(k) SlaHedt 



" feroadgnitumprofcriberem.'Y"-' Manyanato- 
mifts and phyfiologifts of the firft refpe<3 ability 
conceived that Ihey had deteded finall pores in 
the velicles of the lungs, which perrailted a part 
of the air in them to tranfude into the cavity of 
(be thorax, between the pleurae iftJ but later oh- 
fervations have decided againtl the exiftence of 
thefe paflages. 

Note VI. 



The opinions of the moft ieamed amongft 
the ancients refpediing the nature and ufe of the. 
diaphragm, are very remote from the ideas which 
we noyv entertain upon this fubjefl. Fabricius 
fecms to have been the firli wbo clearly pointed 
out its mufcnlarity, and its great importance in 
the '8^ of refpiration. (V Some anatomiAs, 
among others Senacf^^ and Winflow, ^ijJ from 
the connexion of the centre of the diaphragm 
with the parietes of the thorax and the medialli- 
num, were led to fnppofe, that this part remained 
immovable, and that it was the fides of it only 
which had their pofition changed by the contrac- 
tion 

(aj Hall/r, viii- 2. 5. Dumas, t. iU p. 433. (^seq. flj 
Boerhaave Praelicl. I, v. pan. \. p. 22. (i) Falrieii Op. Dt 
Rap. c. 8. igc. (ij Man. Acid. 17%*. V 1?^ 

fij Mem. And 1788. 



.lion of its mufoular fibres ; but Haller, and 
jjioft of the modern anatomills conceive that the 
(,whoIe of [he diaphragm is lowered during infpi- 
j^tion, fa) although it is generally admitted, 
;tjhat the degree of motion in the centre is left 
f^onliderablc. 

Note VII. 
The contel^s of anatomills on this fnbjecl 
rfiave been at leaft as violent, as refpeiting the ex- 
tiftence of air in the cavity of the thorax ;f'ij 
(•Haller prefaces his account of the controyei"fy 
•■with the following remark: " Multo plus de 
iftoruiTi mufculorum officio dubitationis ab 
-J" otnni tempore fuit, cumque acres inimicitias 
'P* harum -camium adlio mihi conciverit, accura- 
■^' liufi erit in hac quaeftione verfandum : at in- 
>^ terjni liceat, inter miferias vita3 humanEe etiaut 
f-*^* iftam deplorafle, potuifle.ob res adeo ab omni 
il** utilitatc propria, aique confervatione noftn 
■-** remotas, tantas iras, tanlafque & tam acer- 
" bas nobis intentare Jiles.'Y'v' "^''^^ older ana- 
tomills generally fuppofed from the fituation and 
iflruflure of the intercoftals, that the externals by 
ilheir contraflion increafe the capacity of the 
. <;heft, and confequently ferve for infpiration, but 
that the internals on the contrary climiniHi the 
M cavity 

'■ C} Haller, viii. I. 36. (tj Dumtu. 1. iii. p. 

482-e. (cj Haller, viii. i. 13. 



cavity of the thorax. This bpinioB haa beeiradopt- 
-cd by fome of the more modern phyfiologifts ; (a) 
•ib late as the year 1778, Sabatierj both from 
obfervations made upon human fubjeds who had 
■ received wounds in the thorax, and from experi- 
ments performed for the exprefs purpofe upon 
dogs, concludes that the adlion of the intercof- 
talflf both external and internal, tends to con- 
uiGt the chert, and that they therefore belong 
(to the mufcles of expiration, f'i^ The contrary 
-opinion, that both fets of intercoftals ferve for 
. infpiration, was firft Ilarted by Mayow ;(^c^ Hal- 
ler ilrenuoufly defended it, and at prefent this 
opinion is generally received. He forms a com- 
parative eftimate of the incrQafe of capacity which 
the thorax receives from the adion of the dia- 
phragm and of the intercoftal8.,''£0 The fame 
anthor remarks, after Winllow and SenaCj thai 
;thep<flion of the intercoftals is principally ufeful 
^n thofc cafes where, from any accidental csufe, 
the contradion of the diaphragm is impeded. 



From an accurate inipe<ftion of the fteleton, 

ind from obfervationa made , upon the living 

body, 

(a) Hoadley's Lectures, p. 8, flj Mein. Acad. J779. 

Richtrand, El. phys. p. 13B. (c) Tract, quinqut, p. 

2;B, tfu^. (dj Boer. Pr«/eet,(. V, pars Up. 84—9; 

El, phyi. viii. 4. 6> 
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body, anatomifls are, for the moft part, agreed 
in fuppofing, that there is fome difference in the 
manner in which the fun^on of refpiration is 
carried on in the male and female fex ; the for- 
mer appearing to make more ufe of the dia- 
phragm, and the latter of the mufclcs about the 
■'thorax, ^fl^ II is fcarcely neceflary to remark, 
■*Vhat by this variation of ftru^lure, the impedi- 
■fnents to refpiration, which would otherwife have 
^been produced by a ftate of pregnancy, are in a 
i«onliderable degree obviated. 

' Winflow Teems to have committed a miftake 

'in fpeaking of the opinion _of Fabricius, refpeiSl- 

ing the intercoftals ; he fays, " Ab aquapendente 

•' (Fabricius) avoit dis I'an iSpp, tr6a bien de- 

-" montre, que les mnfcles internes & extemes 

" concourent enfemble k la m^me aflion, c'eft-a- 

'*' dire, a lever les cotes." f'i^ Fabricius himfelf 

"employs the following words ■ " Quapropter dica- 

'" mus nos mufculos extcrnos intercoftalea cofta- 

^ rum dilatarc, internes vero contrahere, pluri- 

"** bus addui5li tum audloritatibiis, tum rationi- 

^* bus.'YcJ And again, " Concludendun igltur 

"•** eft externos intetcoftales thoraccm dilalai-e, in- 

" ternos vero contrahere." ^t/J Haller has alfo 

M a fallen 

(a) Boer. Preeltc*. t. V, p. 143. (b) Mm. Jead. 173i. 
(e) Fairidi, Op.p. I76. (d) Ditto, p. i;7. 
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fallen into the lame inaccuracy wUh refpeift to 
ibis author, (a) 



Note Vlir. 



The celebrated Boyle appears to have been 
the firtl, who pointed out the real caufe of the 
influx of the air inlo the lungs, when the capa- 
city of the thorax is incrcafcd. ("i^ Some good 
obfervations were alio made upon this ful^e'dt by 
his contemporaries, Sylvius, (u) Borelli, (d) and 
Mayow. (e) Succeeding pbyfiologifts for the moft 
part acquiefced in the opinion of Boyle, though 
I'ome of them, not contented with' his limplc 
explanation, have perplexed by their Aibtlc by. 
pothefes, a fubjedl in itlelf lufficientiy intelligi- 
ble, (f) The procefs is briefly, yet clearly, de- 
tailed by Haller In the following (entence, " Si 
" pulmonein. & una pectus, dllataveris, ut acr 
" pulmonalium velicularum in ampllus fpatium 
" diffufus rarefcat, pro poriione, qua is aer at- 
" mofphacra incumbente rarior fit, pro ea co- 
" lumna aerea in eum pulmuncm defcendet, eo 
" celerius, 

Ca) El.pkyt. viii. I. 14. (h) BoyU's (Tertt, p. i. p. 
QQ. tlf seij. (cj Franc, de U Doe Sylvii Opera, p. l6. 

(d) De JHolu Anim. p. 2. prop. 82, 83, (t) Tract: jbw- 

juf, p.27\. isfstq. if) Bagtivi Op. p. 4S4. Hoail^t 
teclures, p 12. Bremend, Mem. Aead. ITiQ. 
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'^ celerius, quo differentia dcniitatum major 
'^ erit." 

The firft operation therefore is the cxpanfion 
of the thoraXj which is effedted by mufcular con- 
traclioa; as there is no air between the pleiu*ae]y 
the lungs a<St as if fufpended in a vacuum ; they 
coniii^uiently follow the expaniion of the thorax, 
and the external air rofhes into the veficles, as 
into the partially exhauH^d receiver of an air 
pump, when a communication is formed with 
the atmofphere. The air enters the longs be- 
eaufe they are expanded; the lungs are not, as 
was formerly imagined, pufhed open by the force 
of the air rufhing ittio them, (a) 

Note IX. 

Many of the older anatomifts fuppofed, that 
the lungs were endowed with a certain innate 
power of motion, by which the alternations of 
cxpanfion and contraction might be carried on, 
independently of the change in the capacity of 
the cavity containing them. They even attempt-* 
ed to eftablifh this pofition by experiment ; but 
in thefe infiances there mufl have been fome 

fallacy. 

faj Bur. pral. t. v. pars I p. 15. 4g, 50. 



fallacy. We know of no method in which « 
mal motion can be produced, except by the con- 
tratStion of the mufcular fibre, and though a 
mufcular ftru(^ure in the veficles has been con- 
fidently aflerted by fome writers of eniinence,,''B) 
later and more accurate obfervations have de- 
cided againfl its exigence. Helvetius has even 
endeavoured to prove, that the fibres which are 
obfcrved between the rings of the trachea, and the 
larger branches of the bronchia, are not mufcu- 
lar,{bj but their mufcuiarity is admitted by 
Winflow, Hallcr, and moft other eminent anato- 
mifts. (c) The lungs, in common with other bo- 
dies comppfed of cellular texture, pofTefs a de- 
gree of elafticity, by means of which, when 
ftretchcd beyond a certain limit, they will re-acl 
and expel part of their contents. In the procefs 
of refpiration, however, they are entirely paffivc, 
as they always remain in complete contact with 
theparietes of tlie thorax, 

Notwitbitanding thefe confiderations, whicli 
have very generally induced the modern phyiiolo- 
gifts ta dif<sird the idea of motion, origioating 



fa) mtlis. pkarm.. fla(. p. Q. Matptghi, Phil. Tram, 
IO7I. ISremwd, Mem. Acad. I73p. flj Mtm. Aeai. 

17IS. (c) Wirishw's Anal. Seel. Q. 6. 133. UalUr, Phys. 
j'm. 2. 12. 
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jn the iungs tiierarelvw, it appears, from the fol- 
lowing paflages in the Zoonomia, that Dr. Dar- 
win flill adheres to the old opinion, as he dire6ily 
attributes their a£iion to a caufc independent of 
the contradlion of the diaphragm or mufcles of 
the thorax. " By the ftimulus of the blood in 
•* the right chamber of the heart, the lungs arc 
f* induced to expand themfclvcs, and the pe^o- 
" ral and intercoftal mufcles, and the diaphragm, 
" ail at the fame time by their afTociations with 
** them." (a) And again, *' to thefe increafed 
" adlions of the air cells, are fuperadded thofe of 
f the intercoftal mufcles and diaphragm, by irri- 
" tative afibciation." fhj 

M. Dumas alfo adopts the fame opinion, 
and conjedlures, that the lungs are poflefled of 
an f innate power of motion ; he even exprefles 
his concurrence in the bypothefis of M. Brc- 
inond, who inferred from one of his experi- 
ments, that the contrai5lion and dilatation of the 
lungs alternated with that of the thorax, and 
confequently muft depend upon fome other 
eaufe. (cj '■ i 

■1 

■When the longs are removed from the body* 
**IT and 

fttj Zoononia,- v. i. p. 40, rH Dillt, v. ii.;b. 50. 

fcj ELphyt. I. iii. -140, I. 
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Note 10. 

and the paflage into tbe trachea remains open, 
they graduaUy bex:ome collapfed, and are contraA- 
ed into a fraalier fpace tbari Ihey occupied whilll 
in the cavity of the thorax. This has been ge- 
nerally afcribed to the re-afllon of their elaflic 
cartilages and membranes, which, in coniequence 
of the prefTure of the internal air, not being ba- 
lanced by any air between the pleurE, had been, 
while in tbe body, retained in a (late of over- 
didention. Boerhaavc and his commentator Hal- 
ler, attribute part at lead of this effect to the 
contra6iion of the mufcular fibres of the tra- 
chea and bronchia ; (a) but it may be obferved in 
oppofition to fuch great auihorilies, that the con- 
traftile power of the lungs, remains for a long 
time after their removal from the body, and can- 
not therefore wiih propriety, be afcribed to a 
caufe which muft ceafe with the vitality of the 
part. 

Note X. 

■••■iVAn elaborate account of thefe mufcles, and 
of the efFei^ts produced upon the thorax by thdr 
eontraflion, will be found in Boer, pralect. t. v. 
pars i. p. 126 — 144, and Haller sni. 1. 17—31. 

The 



(aj Boer, pTfelcct, I, v. pars i. p. G. 
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The moft eminent anatomills have differed in 
opinion, refjwdting the degree of motion which 
the ribs exercife in rcfpiration ; while fome au- 
thors, with Borelh /"o^ have conceived the action 
of the intercoftals to be cflential, others have ad- 
duced inftances in which the cartilages of the 
ribs were completely ofiified, without any confe- 
quent impediment to this funif^ion. (b) It is alio 
acknowledged, that in the moft accurate obfcr- 
vations and experiments upon the living body, 
the motion of the ribs was fcarcely vifible to the 
eye. Upon the whole, it feems the moli probabie, 
that they are nearly at reft in ordinary refpiration, 
but ihat in the moft violent adions of the tho- 
rax, or in cafes where the contra<flion of the dia- 
phragm is impeded by accident or difesife, ihey 
are employed to compenfate for the deiicicncies 
of this organ. But though there has been ibme 
difference of opinion refpecling the degree of 
the motion of the ribs, and the occalions on 
which 

fa) Borelli, p. n. prop. 84. (h) Wntslow Mem. Acad. 

1738; Fabricius de Rfsp e. x. subfinem; Haller (]uoles 
Cheseiden, oiteog. e. iii. as recording fonie cnfw where no 
injury was produced to the refpiration hy anchylofcs of ibe 
ribs; but this appears to be an oveifight; ChefeJdcti C^p, 
" I have twice found them" (the carEilages which jnici the 
ribs and flernunij " totally olTilied in men beln'een iO and 
" 50 years of age, both of which died with 1 great diffi- 
*• culty of breathing." 



wfiich it is exerted, it is unsnimoufly at^uiow- 
levlgsd, that the mechanifm of their articulations 
is peculiarly admirable. According to the obier- 
vation of Bellini, the thorax is increafed in all 
its diTnenfions, while its figure remains unchang- 

The authors who have treated this fubjeifl 
with the moft accuracy are, Borelli, p. ii. prop. 
61 — 95. Senac, Mem. Acad. IJ^IA. fVinslow^ 
ibid. 17206? 1/38. Botr. Insiit. ^. 6l5 ; pre- 
lect, passim. HuUer,pkys. lib. v'm. passim. Du- 
.tsas, ELphys. t. iii. p. 429 — 434. 



Note XI. 

An aceoiint of the various cflimates which 
were formed by the older phyfiologifts may bo 
found in Haller, El. phyi. viii, 4. fi. 

Note XII. 



^hich ' 
y bej 



Thcfe eflimatcs were formed from pcrfons 

who had died of difeafe, the capacity of the 

lungs after hanging he found to be confiderably 

greater ; the average taken from experimenis 

made 
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made upon three bodies, waa 2G0 cubic inches. 
The author, howcter, obferves, that fear always 
produces a deep infpiration, and that on this ac- 
connt, in confequence of the peculiar circum- 
ftanccfl of their death, their lungs would be in a 
ftate of extraordinary difientionYoj Mr. Cole- 
man, on the contrary, from an experiment made 
for tho exprefs purpofe upon a dog, concludes, 
that after hanging, the lungs contain only a very 
fmall quantity of air. (bj During the violent 
ftniggles which precede death, he fuppofes that 
the animal retains the power of expelling air from 
the trachea, though the preflure of the cord pre- 
vents any from being received. My friend Dr. 
Skey, in order to obviate the apparent contradic- 
tion between Dr. Good^yn's and Mr. Coleman's 
experiments, fuggcfted that the lungs of a man 
after hanging tnuft contain more than their ufual 
quantity of air, becaufe from the efFeds of terror, 
a full infpiration would be made immediately be- 
fore death, and the air thus received muft be, for 
the moll part, retained by the preflure of the 
cord, while in an animal unconfcious of its ap- 
proaching fate, it will be a matter of accident 
whether the lungs were in a ftate of infpiration or 
f xpiration at the moment of death. But I think 

that 

> ; Coodift/n, p. 2S, 2G. (b) p. 97. 8. 



that this idea, though ingenious, is fcarcety fuf- 

ficicnt to remove the difficuhy. The capacity of 
I Ihe lungs in the (hree criminals examined by Dr. 
' Goodwyn, coincides very nearly with the eltimale 
^of the ordinary capacity of the thorax, deduced 

Irom another method of cdcutation. We irnill 
f therefore either foppofc, that in hanging, the com- 
[ prefiion of the trachea is produced fo fuddenly as 

to retain the thorax in its ordinarj- ftatc of diflen- 
U tion, or if we conceive that ati additional quantity 

of air is received from the cfFe6is of fear, we 
' mufi conclude that it is expelled at the moment 
j when the fenfe of fuffocation firft begins to be 
I experienced, but that the paflage being alraoft 
' infiamly clofed, prevents the farther evacuation 

of the lungs. Upon the whole, I am inclined to 
' the latter fuppofition. 



With refpec^ to Mr. Coleman's opinion, 
informs us that " this experiment was often re- 
" pcatcd, and fbmetimes fcarcely any air could be 
" exprcfled from the lungs." " In all inftances, 
** the quantity of air that remained was very in- 
'. confideritble." The uniformity of the refuUs 
feems fcarcely compatible with Dr. SKey's fuppo- 
fition. Mr. Coleman ftates the following propo- 
fitions among the general conclufions which he 
deduces from his experiments. 
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" 26. That whel"e refpiration is fufpeiided, 
" from ordinary hanging, the animal has the 
" power of expelling air frooi the lungs. 

" 27. That althongh the mufcles of expira- 
" tion perforin their office, no power call be ap- 
" plied to open the trachea to admit air, 

" 28. That aa no air can be received, the 
" animal dies with the fame collapfe of the lungs 
" from hanging as from drowning." 

In fpcaking of the capacity of the thorax in 
its different ftates of diftention, Mr Davy remarks 
that, " Dr. Goodwyn, in his excellent work on 
" the connexion of life with refpiration, has de- 
" tailed ibme experiments on the capacity of tha 
'* Umgs after natural expiration. He makes the 
" medium capacity of the lungs about loy cubic 
" inches, which agrees very well with my ctlima- 
" tion.'Y"^ ^"^^ '^'* tlatement of Dr. Good- 
wyn's opinion is not correfl ; in the part to which 
Mr. Davy refers, Dr. Goodwyn fays, " we fliall 
" for the prefent adopr the medium quantity of 
" thefe latter experiments, and lay that the lungs 
" of the huthan rubje<^ contain lOp cubic inches 
" of air after complete expiration "(I' J 

Note 

(aj Researches, p. 4ll. flj Goadwt/n, p. 27- 



Note xnr. 



I have fixed the quantity of air which can 
be expelled fiom the lungs, after an ordinary ex- 
piration, at 170 cubic inches, becaufe this is 
nearly the average of the ellimates which have 
been given by different authors, and alfo be- 
caufe I find, that it coincides with fome trials 
-which I have myfcif made upon the lungs of dif- 
ferent individuals. The opinion of Mr. Kite on 
this fubje(?l, feem to be evidently incorredl. " I 
" find," he fays, " by repeated experiment?, 
'•* that a perfon in health, and in a ftate of per- 
i" feift reft, ufually refpires about I? cubic inches 
'" of air J but, at the end of the expiration, there 
** ftill continues in the lungs 87 cubic inches," 
.'&c. (a) From the above quotation it appears, 
.■that he either entirely overlooked the quantity' 
;which we are now inveftigating, or confounded h 
■with the air remaining afteraconiplete expiration; 



Note XIV. 



led It I 
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Mr. Davy indeed remarlcs, that ** as mofi 
' gafes, though of different fpecific gravities 
' when bttmght into conta^ with each other, 
Bfiuiab. I 
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(aj Essays, p. 47. 



Nqi^ 14. 

" aflume fome fort of union, it is mort than 
" probable, that gas infpjred into the lungs, from 
" being placed in conia6t with the residual gas 
" on fo extenfive a furfacc, muft iriftantly min- 
" gle with it." (a) But in oppofition to this 
argument, we have the direcl experiments of M. 
Jiirine, who found the carbonic add to exift iil 
very different proportions in the different parts of 
the bronchial veflels. (b) Tet the gafes naturally 
contained in the lungs, poffefs many circiim- 
ftances favourable to their equable diffufion, whicli 
would not operate in the cafe of the hydrogene 
refpired by Mr. Davy. The perpetual motion 
which the lungs exjrcrience, the gradual pro- 
duflion of the carbonic acid, the length of time 
during which it remains in conta<ft with the 
other gnfes, would all tend to promote Its uni- 
form mixture with Aem. It may likewife he 
remarked, that carbonic acid, tliough confidcra- 
bly heavier than the conllituents of the atiiio- 
fphere, differs left from them in fpecific gravity 
than the hydrogenous gas. From the expen- 
tnenls of Fontana, wl- learn alfo, that hydroge- 
nous gasj even when mix&l in a glafs jar with 
oxygenc or common air, docs not diffufe itfcif 
equally through the veffel, but remains in a 
greater 

faj Ramrchti, f>. 5Dfl— ?. ft} Enc. Meth. Medrcifie^ 
i.p. 494. 
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greater proportion in the upper part of it. fa) 
Dr. Higgins informs us, that when an animal ii 
confined for fome time in a jar pf air, the carbo^ 
pic acid is found to exiil in greater quantity in 
the lower than in the upper part of the vellel. (^bj 
In the two experiments on the refpiralion of by- 
drogenc, related by Mr. Davy, there is a diiiBr- 
cnce in the refuks of about I'-s part ; fej when 
the larger qaanlity of hydrogene was employed, 
the capacity of the lungs appeared greater, be- 
caufe a larger quantity of the gas being forced 
into the veficlcs, a greater proportion of the re- 
fidual air was neceflarily expelled. 

With refpei^l lo Mr. Davy's cftimate of a 
lingle infpiration, although in the e^fperiments 
made with the mercurial apparatus, he fixes it at 
13 inches, in another part of the eflay, he in- 
forms us, that his lungs in a flate of natural in- 
fpiration. contain 135 inches, and of natural ex- 
piration 118 inches; but the difference between 
thefe quantities, which will meafure the bulk 
of a fingle infpiration, is 1 7 cubic inches, ^rf^ 



Note XV. 
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Borelli remarks, that both from the fliape 

texture 

faj Pkil. Trans. \77Q. p. 33S. fbj Minutes of a So- 

cUty, t^t. p. 136. CeJ Rtiearcket, p. <02— 6. (d^ Be- 

tearchei, p. 410. 
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lexiure of the brodcbi?^ and the manner in which 
the diaphragm adls^ it is evident tha(t the lungs 
cannot expel nearly all the air which they con- 
tained/o^ Halle^ conceives it impoflible that the 
lungs can be qontracted even to one half of their 
natural dimenfions. unlefs when removed from 
the thdrax^ and deprived df 'air by the operation 
bfboiling./'fij ' ' 

Note XVI. 

. ■ ' . . . . , ■ / • 

The tendency which water has to aflume the 
aeriform ftate, when it is freed from external pref*- 
fure, is well illufiratied by M. Gay-Luflac (c) and 
by Mr, Dalton/rf)/. in. their refpective eflays upon 
the dilatation of the gailes. From the experiments 
which were performed by many of the older phy- 
fiologifls upon different animal fubfiance^ placed 
in the vacuum of the air-pump, we learn, that the 
blood and the mucous fccretions poflefs the power 
of extricating gas in a much greater degree than 
water. • 

■ Note.XVII. 

This method of explaining the refults of Mr. 

N Coleman's 

(a) De MotuAnimlp. 2:'prip. Q4. (h) Phys. vIiL4. 11. 
(c) Ann, de Cbifn tp xlili. - (4J Manthesttr Mem, v. v. 
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L Coleman's experiments was, I believe, Arft j 
I cd out by Mr. Allen in his lei^urei. 

Note XVIII. 

In eHimating the bulk of a Hngle infpiral 
i ^t 40 cubic inches, I have been principally ] 

fluenced by the experiments of Dr. Menzies, aa 

I they appear to be the moll accurate in their exe- 

cfttion, the lead exceptionable with refpect to the 

nature of the procefles employed, and the moft 

numerous and varied of any that have been per- 

I formed upon this fubject. In favor of this opinion 

> We have alfo the authority of Jurine, Sauvages, faj 

, Hales/A; UaWer/c) Blumenbach, (d) Chaptal, (e) 

I and Bell ;(/) Richerand, (g) alfo eftimates the balk 

of a (ingle infpiration at between 30 and 40cu] 
», inches, and Fontana {hj at 35. 

Note XIX. 

There is fcarcely any opinion in pfayfioloj 

- however abfurd it may at firft view appear, which 

has not found fome fupporters ; and accordingly 



(aj HalUr, viii. 4. 6. (h) Statical Estays, v. i.| 
338. (c) El. Pki/s. viii. 4. 6. (d) liulit. Pkyt. pT 
113. fej Chemistry, v. i. p. 133. ffj Anatomy, v. 

ii. p. 193. (g) Pkyt, p. »47. (h Phil. Tr am. 

1779- p. 3^9- 
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it appears that arguments have been urged to prove 
that ttie foetus breathes whjliliu the uterus, (a) 

Note XX. 

This is the hypotheiis which is advanced by 
Haller in the El. Phys. viii. S, 2 ; in his notes 
upon Boerhaave, which were publlftied at an 
earlier period, he fuppofes that the firfl: refpiration 
is produced by the cry of the animal, in conle' 
quence of the unpleafant feelings which it expe- 
riences immediately after birth, from cold, pref- 
fure, &c. (b) This, however, cannot be confider- 
ed as any explanation of the phenomenon, as it is 
evident, that there muft have been a previous tn- 
fpiration before theciy could have been produced. 

Note XXr. 

I confidcr an inftin£iive aiElion to be one which 
is attended with fenfation, and direSed to fon^e 
nfeful purpofe, but which has been derived 
neither from experience, obfervation, nor Iradi- 



Note XXir. 

Though it is undetirable to occupy the attention 
N 2 with 

{a} Halter, xxix. 4. 54 : ^yl/ on Iltal Mailans, seel. 
9. hoj/lt's Warkt, V. i. jt, 1 IQ, (l) Pralett. t. y. p. Vi. p. 456, 



Note 11. 



with exploded tlieories, yet as a part of the hiftory 
of fcience, it is in some degree neccflary, and in 
many cafes highly intcrefting.to take acurfory view 
of the doflviiies that have been fupported by men 
of celebrity, and which for a time have enjoyed a 
,i(hare of popularity. For this reafon I fhatl fub- 
, join a fliort Ikcich of fcveral different hypothefes, 
that have been formed to account for the firfl in- 
fpiration, and for the fubfetjuent aUernation of in- 
spiration and expiration, befides tho(e, which, in 
ConTideration ' of their own fuperior merit, or the 
more cliflinguiihed celebrity of their refpeflivc 
authors, I have thought proper to admit into the 
body of the work. 



I. With refped to the caufe of the 
mencement of refpiration j 






Borelli imagined that the blood in it3 paliage 
through the lungs, received from the air certain 
particles, which by communicating to it a vibratory 
or ofcillatory motion, adapted it for the purpofes 
of life, and rendered it proper for fupporting the" 
circulation. The blood of the foetus, he fup- 
pofcd, acquires thcfc particles from the blood of 
the mother, but that as foon as the communica- 
tion is deftroyed between them, it becomes ne- 
ccflarj' 
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Note 23. 18 

ceflary for the Came ai^ion to- be performed by 
the lungs of the young animal itfclf. (a) 

Pitcaime conceived it to be a general law 
of the animal ceconomy, that a mufcle which is 
without an antagonift, muft perpetually undergo 
an alternation of relaxation and contraflion, and as 
the force of the inufcles of infpiration fo far ex- 
ceeds that of the mufcles of expiration, he con- 
fiders the diaphragm and intercoflals as without 
antagonifts, and applying his general hypothefis 
to the peculiar cafe of the a<5iion of the. thorax, 
he fuppofes that the alternate aiSlion of the 
diaphragm muft commence immediately after 
birth, (bj 

Petit conjedlures, that the animal fpirits are, 
from the firll exitlcncc of the foetus, flowing 
downwards into the mulclea of rcfpiration, and 
tending to produce their contradiion ; but that 
in conlcquencc of the prcfllire which the anijnal 
experiences while in the uterus, thcie mufcles are 
not at liberty to adt. As foon however, as the 
pofttion of the new-born animal permits this cf- 
feS. to be produced, the thorax becomes enlarged 
from the contraction of the diaphragm and inter- 
coflals, 

(aj De Motu Anim. pars ii. prop. 1 18. (tj Dhtert. 



coftals, and tLc air confequently rjrties ititol 
• veficles.f'aj 



Boerbaave imai 



gincs 



it a fufficient foluttc 



this difficulty to (late, that the foetus in the 
time of birth, in confequence of its ftruggles, 
ptjls all its mufcies into aAion, and among others 
the diaphragm. From this caufc the thorax be- 
, comes expanded, and the air rufhes into it ; the 
blood then flows through the vcfleis of the timgs, 
and refpiration ever after proceeds as in the 
adult &r)jma\.(bj 



The method employed by Dr. Hartley 
account for the commencement of refpiration, 
bears a. confiderable refemblance to the hypothe- 
cs of Boerhaavc. He fuppofes that refpiration 
and crying arc excited in the new-born child 
"from the cold, handling of the midwife, and 
'other vivid fenfalions, imprefled immediately upon 
its cctfning into the world. Thefe fcnfations (end 
to throw the whole fyflem of mufcies into a^ion, 
and in thofe cafes, where there are antagonifts, 
the flronger will overcome the weaker, and 

■ Contradlinn will be confequently produced 'in 

' ihem.(c) 

Accoi 



:y t^^ 



faj Mm. Acad. 1733. 
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Nott 22. le: 

According to M. BofToti, when the animal 
leaves the uterus, the air afls upon all the or- 
gans of fenfation, bui particularly upon the olfac- 
l(>ry nerves. They are by this means ftimulated, 
and the animal makes an attempt to fneeze; the 
cavity of the cheft is thus enlarged, and the air 
has liberty to flow into the lungs, and the veficles 
become dilated. But the air which is received 
into them has its temperature increafed, and being 
expanded, caufes the re-a£iion of the fibres of 
the veficles, which forces it again out of the 
cheft. ^a; 

Prof. Blumenbach foppofes, that upon the 
ftoppage of the circulation between the mother 
and the fcetus, a fenfe of futfocation is experi- 
enced by the latter. This circumftance, toge- 
ther with the external cold, and the other new 
ftimuli to which the body is expofed, caufes a 
variety of motions to tate place, and among 
others the dilatation of the chell, and thus pro- 
duces the firli tnfpiration. fbj 

2. With refpe^ to the immediate caufe of 
the fucceflive alternations of infpiration and eipi- 
ration -, 

Some 

fa; Kat. ma. I. ii. p. 446. (Ij Jnttil. Phyi. p.uy 



> ^ Some of 'the atieinpts ihaf bare been made to 

"refolve (his problem, as thtrfe of Willis and Pit- 
caimc, hive proceeded upon the aflumption of 
principles, altogether inconfiftent with the a6laal 

y -laws of the animal ceconomy. The former of 
Hhcfe authors conceived, ihat during mulcular 
*contra»5iion, the animal fpirits are conveyed from 

, 'the tendon to the fibres of the mufcle itfelf, and 

J *in the fubfequent relaxation return into the ten- 
'don. In the animal funclions this operation is 
■fuppofed to be under the power of the will, but 
in the raufcles fubfcrvient to the natural fundlions, 
the changes arc cfFedled independently of the 

C*TviI!, in regular alternation. He attributes the 
■^difference in the operation of thefe parts, to the 
"origin whence they derive their nerves, which 
'the former cafe proceed from the cerebrum,. 

I 'in the latter from the cerebellum, (a) 



ch i^^i 
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J'' Pitcairne imagined tbat all mufcles whicSj 
'Vithout antagonifts, are neceflarily in a perp< 
flate of alternate contraflion and relaxation, an 
effcd which he afcribes to the interrupted influx 
^<)f the animal fpirits into tliefc mufcles, in con- 
rlequence of the alternate compreffion which the 
brain experiences from the dilalatioii of the 
arteries, (aj 



(a) Pharm. Rat. p. 18, (h) Dissert. 
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Note 22. 185 

• ■ ■ , 

The learned ihtithematicians BoVelli and Bcl« 
lini,' -fimply ftkte the heceffity of this regulai^ 
a^lion to the e^iflekice of the animaly and ajK- 
pear to refl fatisfied with' jpointitig oiit its final 
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Other phyfiologifts have endeavoured to ac- 
count for the phenomenon/ by fome circum- 
Hance in the ffru<5lurci or "mechanical a<?tion oJF 
the thorax, or of the parts contained in it. Dr. 
Martine ' explains the aiilion of the organs of 
refpiration^ by fuppoiing, that the lungs, when 
in a ftate of diftention, comprefs the phrenic 
nerve, and thus produce* a relaxation of the dta- 
phragm and intercoftals, to which thefe nerves 
communicate fenfibility.^ (b) ■ 



■ ) 



A peculiar theory' was adopted by Boerhaave 
to explain this phenomenon ; he im^gp'ned that 
in the ftate of full ihfpiratfon, the luhj^ were lb 
much diftehded a^ not to pehhit the blood to be 
tranfmitted through them with its accuflomed 
facility. Lefs blood will therefore be received by 
the left ventricle, and confequcntly lefs fent to 
the cerebellum, ahd to the nerves which arc dif- 
tributed to the organs of refpiration ; hence ariies 

a deficiency 

fa) BoielU, p. ii. prop. 117 . Bellini, Leni. 18. fhj Edin. 
Med. Essays, v, i. 



Note 22. 

s deficiency of the adion of thofe parts, and a 

confequent relaxation of the mufcles which 

fcrve to increafe the fize of the thorax. The 

diftended ftatc of the thorax being removed, the 

I blood has liberty to flow freely into the left ven- 

^ tricle, and is confequcntly fent in its proper pro- 

' portion to the cerebellum, it therefore excites 

the mufcles of infpiration to contrail, and brings 

E'l^ck the lungs to their former condition, (aj 

Dr. Hartley applied his doflrioe of vibra- 

^ons to the folution of this problem. He con- 

, €eives that his peculiar theory explains in an 

p eafy manner, the propenflty to alternate conti-ac- 

' lion and relaxation, which is obferved in many of 

the mufcles, and upon this general principle, he 

I endeavours to explain the a^ion of the dia- 

l^ragm; he however attributes the elfe£l in 

t^rt to aflbciation or babit, and in part alfo to 

L 4inprei!ions made upon the pleura and perito- 

I -oseum, exciting vibrations in them which are 

^communicated to the diaphragm and mufcles of 

('.the abdomen, (bj 

I have fiated the opinion of Profeflbr Blu- 
nenbacb, refpe^ing the caufe of the firfi infpi- 
ration ; 

C«; Imtit. )J. 6i9, 630. f&J Oherv. on Man, v. I p. gS. 
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ration ; in confequence of this acSioii, the lung* 
become dilated, and the blood flows tbrougb 
them. The air and the blood then a<5i upon each 
other, and the foimer of thefe fubfiances under- 
-goes that peculiar change, which renders it un- 
fit for the fai'ther fupport of life. It is then dif- 
charged from the lungs, in confequence of the 
efforts of the vis medicairin naturte, " naturae 
" medicatficis conaminibus," and makes room 
for the influx of a new portion of air. (a) 

Dr. Darwin has not formally propofed any 
hypothelis, to account for the allernalions of 
refpiration, but it may be inferred from fome 
expreffions in the Zoonomia, that he confidered 
the adlions of infpirstion and expiration to fuc- 
ceed each other in confequence of aflbciation. 
To this explanation of the phenomenon, it may 
be obje<fted, that according to the definition of 
the author himlelf, a complicated feries of a<5lions 
c^n only become aflbciated together " by habit ; 
" i. e. by frequent repetition." (a) But the 
young animal, fi-om the firft inflant of its birth, 
poflefTes as complete a power over the mufcles of 
refpiration, as it ever acquires during the courfe 
of its cxiflence. Thofe cales, in which for a 

few 

it) Inslit, pAj*. p. 117. (i) ioonomia, u. i. p. 13. 
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■few moinenis, a difficulty has occurred in the 
tommencement of refpiration, are to be referred 
*to a mechanical obftruflion in the trachea, pre- 
"Venting the accefs of the air, or to fome other 
"nccidcntal circumflance, for they are by no 
Tneana of frei]ucnt occurrence, and ihey are in 
general immediately relieved by a change of pof- 
=ture, or by the removal of mucus from the fauces. 
•The ai^lions which are acknowledged to be com- 
pofcd of a number of aflbciated motions, fuch as 
dancing, or playing upon a miifical inftrument, 
'though n)any of them lefs complicated than the 
^adl of refpiration, can only be acquired by long 
. 'practice, and by repealed eiforts of attention., 

Note XXIir. 

The celehraled Harvey, feems to bave 1 
I ythe firft who ftated, that the adion of the I 
I *and lungs are totally independent of each other, 
f 'He however imagines, that the pafllige of the 
|'*'l)lood along the puhnonary veflels, is aJTifta 
•'the motion of the thorax, (a) 

The connexion which was fuppofed by fome 
'of the older writers, to exift between the moti 



faj De Molu Cord. p. 11. 71. 7J. 
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'of the heart and the diaphragm, depended upon 
ihd ftrufture or mechanical aflion of thele organ*. 
The learned author of the Zoonomia, who has 
adopted the idea of this connexion, has deduced 
it from that general laW of the animal ceconomy, 
by which motions that are frequently repeated in 
^HCceflion, acquire the power of recurring in the 
fame order, independently of the original excit- 
ing caufe. Dr. Darwin obfcrves, that '* innu- 
*' merable trains or tribes of other motions are 
" aflbciated with thefe mufcular motions which 
" are excited by irritation ; as by the ftimulus of 
" the blood in the right chamber of the heart, 
'* the lungs are induced to expand ihemfelves.'Y'*,^ 
But it may be remarked, in oppofition to thisfup- 
poled aflbciation, between the motions of the 
heart and the lungs, that in the foetus the heart 
commences its contradtions immediately upon its 
formation, while the lungs remain perfcflly at 
reft. When . the animal leaves the utcras, the 
motion of the lungs commences, but the periods 
of the contra6lion of the diaphragm bear no de- 
terminate ratio to thofe of the fyilolc of the hesrt. 
The frequency of the pulfe is often increafed or 
diminifhcd far beyond its accuflomed liandard, 
vrbile little alteration is produced in the motion 
«Jo*l> of 

■■"■'^*^ .: . ^fgj Zaonnmia, vol. I. p. iQ. •■■! 
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Note 13. 



of the diaphragm. The a<Slkm of both thefe 
targans, however, depends upon the quantity and 
jhe qualrty of the blood tranfmitted to them, 
and any afFcdiou of this fluid, will of courfc in- 
fiuence both the circulation and the refpiration. 
Thefe fun<:^ions alfo bolh depend ultimatdy 
upon the contra<Rioii of the mufcutar fibres and 
are therefore equally liable to experience an al- 
teration, from any circumftance which affefls the 
fiate of the irritability or the ieolibility of the 
ff&an. But it is obvious that thefe changes, 
though contemporary and proportional, do not 
depend upon aflbciation; they are produced by 
AD ailignable caul'e, operating dire<5lly upon each 
ieparate organ, diftin^ from the effefls of repe- 
tition or habit. Were it not foreign to my pre- 
&ut fubjedl, it would not, I think, be difHcult 
lo ihew, that a fimilar objeiSlion may be urged 
Ogainft many parts of the phyfiology and patho- 
logy of the Zoonomia, and particularly againd 
the lympathetic theory of fever. 



Mr. Hunter, fuppofes the exiflence of this 
Jiympatby, or allbciation, between the motions of 
the heart and the lungs^f'a^ and the fame opiniop 
appears lo be adopted by Dr. Cuziie. (bj 

Note 



faj Hanter 
p.?S. 



1 the Blood, p. j4. ft} Med. SeporU 



poru J 



liote 14, 25, 1G. 191 

Note XXIV. 

Helvetius, ScDac, Winflow, &c. Boerhaav^ 
however, conceived that the lungs were ren- 
dered lels capable of tranfinittbg the blood dur- 
ing the ftate of full infpirationj and from thefup- 
pofed eife^s of this retardation, he deduced his 
hypothelis to account for the alternations of 
refpiration. 

Note XXV. 

The celebrated experiment exhibited by Hooke, 
before the Royal Society, in which, after the mo- 
tion of the heart had ceafed, it was reproduced 
by inflating the lungs, has been adduced to 
prove, that by infpiration the lungs are rendered 
pervious to the blood, (a) but it mull be confi- 
dered that in this cafe, the thorax was laid en- 
tirely open, and confequently, when the lungs 
were not forcibly diftended, they would collapfe 
fo much as almoft entirely to obliterate the cavi- 
ties of the bronchia and veflclcs. 

Note XXVI. 



L 



Morgagni, relates a cafe, in which, upon' ex- 
amining 

(a) HailtT, Tin. 4. 13. 
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amining after deatli, a confiderable quantity of 
ferous fluid was found in the cavity of the tho- 
tas., yet thepulfe had not been previoufly af- 
fcdVed, nor had any impediiDcnl to the circulati- 
on been obferved during the life of the patient, fa j 



Note XXVII. 



The experiments and obfervations of Mr. 
Coleman, upon the impermeable flate of the 
lungs in drowned animals, will more proper- 
ly fall under our confidcration in a fubfequcnt 
,part of the eflay. 



Note XXVIII. 



1 M^n 



It has been obferved, that when from jmjr 
■accidental caufe, a portion of the cranium is re- 
■movcd, an alternate elevation and deprcflion of 
•the brain is vilible to the eye, :con'erponding 
-with expiration and infpiration. This cfie6t has 
been attributed to the refinance which the blood 
experiences to its paflage through the lungs in a 
ftaie of expiration ; a rtagnation is thus brought 
about in the right fide of the heart, and confe- 
'.qucntly a lefs free difcharge from the veins, on 

which 



f«; Seats and a 



fo/Ois, 



•es, V. i. p. 4X», 9, 



which account, in a highly vafcukr part, an in- 
creafe of bulk will be produced ; this is removed 
by the depletion of the veins, when the langs 
from the enlargement of the thorax become again 
more completely pervious to the tranfmiflion of 
the blood. There feems no rcafon to doubt that 
this phenomenon has been occafionally obferved, 
and it is probable that it depends upon the caufe 
afligned above. But it mud be remarked, that 
in thofc inftances, in which (o great an injury is 
received by the cranium, the refpiration is ne- 
ceflarily rendered laborious, the air is received 
into the lungs after long intervals, and confe- 
qucntly in an incrcafcd quantity, (a) 

Note XXIX. 



It has been afked, why are the latfteals fur- 
niflied with valves, while the veins which pafa 
along the fame vifcera, and arc conveying their 
contents in the fame diredilon, arc not providefi 
with them. One caufe of this difference in 
flru£iure is obvious; the chyle, not being pofleC 
fed of any vis a tergo when it enters the laiSteals, 
is propelled along them folely by the contrafftion 
of their mufcular fibres, and the tffe& of this 
O mufcular 

(aj HatltT, vi 4. g; viil. 4. 11. V- 



Note 30. 

to the period when this philofopher entered upon 
his experiments, the name of Mayow is not 
mentioned. |''a^ 

On the continent, although little eftimated, 
and feldom referred to, his works were occafion- 
ally quoted, and Haller in particular, certainly 
appears to have been acquainted with tfaem. 
They were firft again brought into notice in this 
country by Dr. Reinhold Forfter, who prefixed 
a Ihort account of Mayow's dodb-ines, to bis 
tranllation of Sf^eele's elTay on air and fire. 

The vjciffitudes ofMayow's reputation, afford 
a ftriking inftance of the tendency which exifts 
in the human mind, to fly from one extreme to 
the oppofite excefs. When his works were thus 
brought before the public, his caufe was eagerly 
embraced by different writers, his merits were 
exalted to the higheft rank, and it was afferted, 
that he had anticipated the moft valuable difcove- 
lies of Scheele, Prieftley and Lavoificr. (b) But 
s calm inveCligation of the fubjedl, will, I con- 
ceive, lead us to a very different coiiclufioa. Wc 

fliall. 



(a) Discourses, p. 1—20. (l) Sec particularly Dr, 
Bcddoes's pampblet, entitled, " Chemical experiments and 
" opinioiu, »tiaAc<l froin a work publUhcd in the lafi 
" centary.'' 
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ihall, indeed, find in this author many marks of 
real and original genius, and it is evident, that 
on fome points, he extended his views beyond 
thofe of any of his contemporaries. It muft, 
however, be confeffcd, that the real addition 
which he made to the general flock of know- 
ledge was not very great. He endeavoured to 
prove, that there was fomething in the atmo- 
fphere, which was an immediate agent in the 
procefles of combuftion and refpiration ; but 
this had been long ago aflcrted by others, and 
when he comes afterwards to explain move in 
detail, his ideas refpeiling the intimate nature of 
this peculiar matter, he evidently fhews that he 
had not any conception of the fubftance to which 
we now afcribe thefe phenomena. He is even 
doubtful, whether it forms an eflential part of 
the air, and upon the whole inclines to the nega- 
tive fide of the queftion. In order to account 
for the alteration produced in the air by its re- 
moval, he adopts an hypothefis to the laft degree 
jknciful, according to which it confifts in fome 
mechanical change in the configuration of its 
particles, which principally operates in diminifhing 
its clallicity. He imagines that this matter enters 
into the compofition of the nitrous, and other 
acids, and that it gives them the peculiar proper- 
ties which belong to ihis clafs of bodies, but he 

alfo 



I9« 



Jl^eWK 



tiio Tuppofes, that tbe feme fabflance is a c6aiix>- 
oent part of tbe alcalis, and is the immediate 
caufc of their caafiicity, and thus dccifively proves 
that he had no accarate conception of the mo- 
dem dodlrines refpeifling the conftitution of acid«. 

As to the ful^e^l of refpiration in particular, 
when fpeaking of the action which the air exer- 
cifes upon the blood, he has recourfe to the ex- 
ploded doctrine of fennentation ; he fappofes that 
the particles of ihc air and of the blood, when 
brought into conta*!}, are rubbed againfl: each 
other, in confcquence of which, the former arc 
deprived of that fpirit to which they owe their 
<;laftioity. I think that an attentive penifal of 
Mayow's works wiW convince the difpaffionate 
reader, that there is no fubftance which has been 
difcovered by the modern chemlfis, that can per- 
form the various effects which are attributed by 
this author to hi5 nitro-aereal fpirit. 



Perhaps the moft important of Mayow's ob- 
fervations, are thofe refpccfing ihe mechanifm of 
rcrpfration, and particularly the very decided 
manner in which he flates that the exteraal and 
internal intercoftals are equally fubfervicnt to the 
enlargement of the thorax. The ingenious ex- 
periment, however, where the ailion of the lungs 




h illuftrafcil by comparing them to a bladder in- 
clofed in a pair of bellows, though brought for- 
tvardg by Mayow as original, (aj is mentioned 
hy Boyle in the moft explicit manner, as what 
was already familiar to every one, and the eoo- 
clufions which he deduces from it, are precifcly 
fimilar to thofe formed by Mayow. ('i^ There 
is one department, where the genius of Mayow 
was peculiarly fuccefsful, by which, it is proba- 
ble, he might have materially promoted the &d- 
vancement of faience, had a greater degree of 
attention been beftowed upon hia writings ; I 
refer to the contrivance of his apparatus and the 
execution of his experiments. In thefe refpeds 
he may be confidered as far excelling any of his 
contemporaries, and as at leaft equal to any che- 
mift before the time of Scheele and Prieftley. 

In forming an eftimate of the merits of 
Mayow, it is eflential to obferve, that a theory of 
combuftion, almoft precifely fimilar to that adopt- 
ed by this philofopher, had been a few years be- 
fore publilhed by Dr. Hooke, of which it is 
fcarcely poffible that Mayow could have been 
ignorant ; it is however, not noticed by him. 
It appears, indeed, that Hooke has the advan- 
tage, 

Ca) Tractalus <juinqu<; p, 2;4, 3. (IJ IVorks, vU. 
i.p. !0I. 
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tage, not only with refpefl to originality, but 
likcwife in the accuracy and limplicity of big 
hypolhefis. According to Profcflbr Robifon, 
Mayow'a exhibition of Hooke's dodrine is, 
" obfcure, complicated, and wavering, mixed 
" with much mechanical nonfenfe, of wedges, 
." and darts, and motions, according to the 
■" fathion of the times. Hooke's conception of 
" the fubjedt, is clear, fimple and fteady." (aj 
Dr. Thomfon pafles a fimitar judgment upon 
Mayow ; he bears ample leftimony to the ori- 
ginality and accuracy of his experiments, but he 
adds, that " his reafoning is for the mofl: part 
" abfurd, and the additions which he made to 
" the theory of Hooke are exceedingly extrava- 
." gant.'Y^^ Dr. Yeats has treated largely upon 
the writings of Mayow, but has, in my opinion, 
very far over-rated their merit. He exprefsly at- 
tributes to him the difcovery of oxygene, and fup- 
pofes, that he was accurately acquainted with all its 
properties, i^cj M. Fourcroy has publiflied a can- 
did and judicious account of Mayow in the £nc. 
^elkod. (d) which was afterwards Inferted in the 
jinnales de Chimie. (e) In examining the writ- 
ings 

fa) Black's Lectures ly RoUion, v. i, p. 53S, 6. 

iflj Thomson's ChemUtry, v, up 347. (c) Olservu' 

lions on the claims qf the Moderns, ts'c. p. 14, £^ alibi, 
ftt) Chimie, I. Hup. 390. (ej 1. xxix. 



jiiga of the older chemifis and phyfiologifts, it 
is neceflary to remember, that expreflions which 
appear to coincide remarkably with the modern 
difcoveries, would not fuggeft the idea of thcfe 
difcoveries to one who was previoufly unac- 
quainted with them. It has accordingly hap- 
pened in leveral inftances, that the modern doc- 
trines have been fuppofed to be detected in 
books, where their exiftence was not furpe<ned, 
until thefe doiftrines had been deduced from the 
experiments and reafonings of thechemifts of the 
prefcnt period. 

Note XXXI. 

Dr. Black made this difcovery by breathing 
through lime water, or the foiution of a cauftjc 
alkali, when he found that the lime was preci- 
pitated, and the alkali rendered mild ; efTetSts 
which he attributed to fixed air emitted from 
(he lungs ; he confequently conceived, that the 
change produced by refpiration upon wholcfome 
air, confifls principally in the converfion of part 
of it into fixed air. It appears that he made 
thefe difcoveries in the year 1737, and it may be 
inferred, that they were abo^t the fame time 
publicly announced in his lectures, (a) 

Note 

(aj Black't Leclures, ly Rol-isen, v. n. p. 8?. 



Note XXXII. 

Brides the oxygenous and azotic gafCca, a 
. finall quantity of carbonic acid gas, feldom ex- 
ceeding -01, has been found to exift in the 
*tmofphere, and is fo conftantly prefeot in all 
the different Situations in which the experiment 
has been tried, that it probably ought to be cen- 
tered as one of its conflitucnt ^arls. fa) Th« 
aqueous vapour, on the other hand, is perpe- 
tually varying in its proportion, and feems evi- 
dently to be an extraneous body, depending for 
^ its formation upon accidental caufes. The pro- 
portion of oxygene Which was indicated in the 
experiments of Scheele and Prieftley, and in the 
^more accurate examination of the atmofpbere, 
which was afterwards made by Lavoifier, |^i^ is 
greater than that ftated in the text. But the pro- 
cefs of Eudiometry has undergone of late conti- 
^crable improvements, and the very accurate expe- 
riments of Berthollet, (c) De Marti, fdj and Da- 
Vy,(eJ agree in indicating the proportion of oxy- 



(aj Saussurc, voyage dam Us A!l>t. t vii. c. 6, |). 2010. 
'ttutnlotl. Journal de Plii/s. t. \xxxvii- p. 202. Entyc. 
' Hfeth. Ckiwie, Air, t. i. p. iAh. (h) Etem. of Ckiiii. 
cbap- 3. p. 8tf. . ft) JlAn. de Chim. t. Mxiv. p. 73- ti 
tetf. (d) Journal tie I'lujs. L Hi. p. 173. Hf seq. (e)^ 
Anhon's Journ. v. y. p. IJ5. 



gene to azote to be nearly as 32 to 78. Thefe 
quantities mull be coniidered as referring to tlie 
volume of the two gaffes 5 their proportional 
weights are fomewhat different, and will be as 
36 to 74 nearly, (a) M. Fourcroy, however, in 
his late elaborate work, ftill fuppofes, that the 
atraofphere contains ' 27 of oxygene. (b) 

Note XXXIII. 

I cannot avoid remarking, that in this memoir 
M. Lavoifier fpcaks of his obfervation refpctSing 
the carbonic acid gas, as of a fatft difcovered by 
himfelf, nor does he mention the name of Dr. 
Black, who it appears had publicly taught for 
twenty years that this aeriform fluid is difengaged 
by rcfpiration. It is much to Be lamented that a 
raan, who had fo many real claims to the admira- 
tion of pofterity, fhould in any inftance have at- 
tempted to encreafe hia reputation at the expenfe 
of his contemporaries. 

XXXIV. 



This propofitlon is fubjeiH, to exceptions; M. 

Vauquclin found that fome of the fpecies of worms 

poffeffed 



(a) Thomson's Chem. 
conn. ckim. t, i. p, ISQ. 



>, ill. p, 269. ftj Systeme da 



jKjfleflcd the power of fcparating the oxygcne from 
. the azote in tlic moft perfcffl manner. He per- 
I formed his experiments upon the Umax flavus and 
I the helix pomatia/o^ 



XXXV. 



The two papers agree very nearly in the weight 
■of oxygene fuppofed to be confuraed in twenty- 

I fijur hours; the firft makes it ig080 French gi's. 

^ the latter igogo. But though the weights fo 
nearly correfpond, the afligned volumes are confi- 
derably different ; the firft memoir Hates it to be 
34, and the latter fomething more than 21 Paris 
cubic feet. If we fuppofe lOO cubic inches of 
oxygene to weigh 50*5 Paris grs.fbj 24 cubic 
feet, or 41-172 cubic inches will weigh 20943"36 
grs. ; 22 cubic feet, or 380l6 inches will weigh 
jgigS'OS Paris grs. or 1 5750-33 Englifh Troy grs. 

The Paris weights and meafures of the original 
I are reduced to the Englifh ftandard by means of 
Lthe formulie given by Profeflbr Robifon in Kerr's 
ftranflation of Lavoifier's Elements, ^pp. No. 

XXXVI. 

It muft be remarked, that at the time wj| 

faj Anti.de Chimie, t, sii. p. 27S. i^ sej. (h) J 
an (III Phto^isivtt, p. iQ. 
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Note 36. 20 

Mr. Davy performed thefe experiments, he con- 
ceived the atmofphere to contain • '27 parts ofoxy- 
gene/aj in the more accurate experimenls which 
he afterwards performed, he found the proportion 
of oxygene to be little more than • 21. ^i_J This 
circumftance will render it neceHary to make fome 
alterations in the eftimate of the eftedis of rcfpira- 
tion, as we may conclude that the fame Eudiorae- 
trical procefs was employed in the analyfis of air 
which had been refpired, as of the air of the at- 
mofphere. 

Mr. Davy's eftimate. 
100 cubic inches of atmofpheric air before the ex- 
periment, 
Oxygene. Jzote. Carbonic Add, 
Confifted of 27 73 

After the experiment of 22*5 71'7 4'5 
Confe<]uently there was 

an abforptfon of 4'5 1"3 

And a produCiion of A- 5 



Corretfied eftimate. 




Before the experiment 21 79 


I " '■ 


After the experiment 17 -5 76*6 


4*5 


Confequently there was 




an abforption of 3 ' 5 1*4 




And a produflion of 


3-5 




Note 



/aj Hetearchts, p. 327- flj Nlrholsoii's Jwrnalj t 
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Hq6 Hote 37, 38. 

Note xxxvn. 

Boyle firft attempted to afccrlaiii tlie amount 
' (Of the (liminutioii, which the air experiences in 
.respiration ; he eftimated it at t's part of its bulk. 
Mayow concluded from his experiments, that the 
air was dlminiflied tV part, (a) Hales made 
-many experiments to afcertain this point, bat 
■their refults difier fo confiderably, as to render it 
impoflible to fix any general fiandard ; it varied 
from t'o to t't part of the whole air. (bj All thefc 
quantities, however different from each other, 
agree in being greater than the eftimates of the 
modern chemifts. This circumftance is to be 
attributed to the abforption of part of the carbo- 
nic acid formed in the lungs, by the water with 
which, in a]l the different experiments, the air 
of expiration was placed in contact. 

Note XXXVin. 

The celebrated SaniStorius, who deroted fb 
large a portion of his Ufe to the inveftigation of 
the quantity of matter perfpired from the body, 
under different circumllances, eftimated the pul- 
monary exhalation, at about half a pound in 24 
boum. 

(aj Trad, quinque, f, 405, flj Stat. Eisaj/i 

?. 239; r, ii.ys, 820. 
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hours, fa;^ ' Xk. Hi^% by pyrfuing tbp pifm 
j^hioh isf iUd^d in ithe 1<e}^^ fupppie$ the qv(a^ 
tity Hq be at^oyje 20 qz. Dr. Home reinarka^^^jvit 
the ppifpimtipo from i)^ I^ng^ is '' cftmEfftt^fl 
^^ tyJS^nKaorips to afflftiiptto 6 pz,.;in 9^ ^hhu3» 
by Ifeles .to J$3pz^; itbe letjb^ pqiqpu^tijpii 
feems too high, part of that .f^qiilyre being 
probably owing to what is contained in a dty 
^ir.'*' (bj It appeins, thajL^p this inftance. Dr. 
Home has been inaccurate in ilating the calcula- 
tion of Hate, and Vflmt is mm^ remt^fl^able, 
Haller, in ^firing the ppinipft of HoQie, fayS, 

" ad unci«s33:8efttfnatCl. Hiwoe^'YV'^od f^(cn 
to the pai^ge quoted above* 
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Note XXIX. 



i ' ' 



Dr. Pfieftley had previoufly obferml this cii^ 
cumftance, and had eilimated that ^ part-ort!y of 
the oxygene confumed in refpiration was. employed 
in the formation of the carbonic acid emitted frorii 
the lun^ ; the reft of the oxygene he conceived 
tvas abforbed by the blood. Crf>? 



Note XI*, 



./ 



It muil be remembered^ that a method of 

eftimating 

(a) Med. Statica, p. 36. flj Medical facts, p. 238. 

CcJ EL Phys. yiii. 5. 40. (dj Experim. on Air, v. iiir p. 
378, 9. 




208 Note 41. 

■eftimating the quantity of water produced iu tlie 
lungs, very fimilar to that made ufe of by la- 
voifier, and (bunded nearly on the fame train of 
rcafoning, had been previoufly employed by Dr. 
Crawford ; he fuppofes that about 4 part of the 
oxygene confuined, enters into the formation trf 
aqueous vapour, (a) 

Note XLI. 

This is not the only inftance in which, after 
the conclutions of Dr. Prieftley haye been con- 
troverted by his contemporaries, a more accurate 
invefligation of the queftion has ultimately de- 
cided in his favour. The complicated apparatus, 
and the impofing air of minutcncfs, which cba- 
ra<£lerize the operations of the French chemifts, 
irrefiftibly engage the aflent of the reader, and 
fcarcely permit him to examine the liability of 
the foundation upon which the ftruflure is ereil- 
ed. The fimplicity of the procefles employed by 
Dr. Prieftley, the apparent eafe with which his 
experiments were performed, and the unafFeiSed, 
converfational flile in which they are related, have> 
on the contrary, been millaken for the cffe^ls of 
hafte and inaccuracy. Something muil alfo be 
afcribed to the theoretical language which per- 
vades 
(») Oiscn. on Animal heal, p. 1J4, 3*7, 8, 



Note 42y 43. 20g 

vades and obfcures the chemical writings of this^ 
pbilofopher, in confequence of his unfortunate 
attachment to the do6):rine of phlogiftoAt 

NoteXLII. 

Mr. Davy found that 71*7 cubic inches out 
of 99 which he expired were azote ; (aj if there- 
fore we eilimate the average contents of the 
lungs at 280 cubic inches^ 213 of thefe will 
confift of azote.. 

Note XUli. 

In the firft of the general conclufionjs^ I have 
fiated^ that the atmofpheric air received into the 
lungs, lofes about - 04 of the oxygene which was 
contained in it. Suppoiing the whole quantity of 
air refpired in 24 hours to be 666 * 5 cubic feet^ 
the quantity of oxygene which is removed will 
amount to 26 * 66 cubic feet. This eftimate 
agrees exadly with the quantity pf oxygene 
which I have fuppofed to be confumed in 24 
hours, deduced from the experiments of M. La- 
voifier and Mr. Davy. The quantity • 04 if 
however calculated from a difierent fct of expe- 

P riments^ 

faj Batanhts, p. 433. 



2IO 



Uote 43. 



riments, and the number 666 ■ 5 involves the efti- 
mate of a lingle infpiration, and of the quantity 
of air refpired in 24 hours, both which were ob- 
> tained from different fources. 



In the 2d general conclufion it is Hated, 
[ that 22 cubic feet of carbonic acid gas are gene- 
rated in 24 hours, Co that there is, upon the 
I whole, a lofs of 4 cubic feet in 24 hourB, fo far 
rc<pe»fts the confumptlon of oxygene, and 
I the produdion of carbonic acid gas. In the 5th 
general conclulion it is Hated, that a quantity of 
' azote is confumed in refpiration, amounting to 
- about TTn part of the whole air employed. Sup- 
pofing this, as in the former cafe, to be 6G6 ■ 5 
\ cubic feet, the azote abforbed, will be about 4 
\ cubic feet. Thele, added to the 4 cubic feet 
I mentioned in the laft fcntence, will make the 
' total lofs by refpiratioh in 24 hours 8 cubic 
.feet. In the 3d general concluOon, it is fald, 
that the volume of the air refpired is diminifhed 
' by A part ; now 666 ■ 5 divided by 80 exaiflly 
produces the number 8 ' 33. The coincidence 
in this cafe is more remarkable than in the for* 
incr, as it involves a greater number of quanti- 
ties, all obtained by feparate calculations, and 
' deduced from independent fources. It muft, I 
conceive, bernot only regarded as a Ibxing argu- 
ment 



Notes AA, 45. 
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ment in favour of their accuracy, but, in fome 
meafure, at leaft, of the hypothefes from which 
they were deduced. 

Note XLIV. 

M. Lavoifier ftates, that 100 parts of carbo- 
fiic acid confift of 72 parts oxygetie, and 28 
parts carbone, (a) but it has been difcovered 
lince the period of his experiments, that the 
charcoal which entered into the compofition of 
the acid, is itlelf prcvioufly in the ftate of an 
oxide, containing '36 of oxygene; the compo- 
fition of carbonic acid will therefore be pure 
carbone 18, and oxygene 82 parts; or the oxide 
of carbone which compofes charcoal 28, and oxy- 
gene 72 parts, f'ij Upon the fuppolition that the 
carbone in the blood is in the liate of the black 
oxide, there will in the fpace of 24 hours, be a 
a furplus of oxygene of 5 • 59 oz. ; but if the 
carbone be in a ftate of purity, the fuperabundant 
oxygene will be only 1 • 88 oz. 



Note XLV. 

This idea of the nature of the change pro- 
P 2 duced 

(a) Mm. Acad. 17S9. p. 367, (h) Tkamtm'i Ckt- 
mittty, V. i.p. 50. 
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duced upon the blood by refpiration, was founded 
upon a fuppoiition, that its velocity was' greater 
during its paflage through the capillaries of the 
! lungs, than in any other part of the circula- 
I tion ; an opinion which was at one time adopted 
by fevera! phyfiologifts of eminence. Dr. Hales, 
who performed experiments exprefsly upon this 
fubjedl, informs us that heobferved the blood to 
move five times as quickly through the lungs as 
through the mufcular capillaries, ("a^ Scnac, on 
the other hand, thinks that its motion through 
the lungs cannot be quicker, becaiife each of the 
auricles muft receive the fame quantity of blood 
in the fame time ; fd) and others have fuppofed 
that the velocity muft be lefs in the lungs, the 
pulmonary circulation being altogether fhorter 
than that of the aortic (yilem, the velocity muft 
■ be as the fpaces gone through in the fame time. 
Halier does not imagine that the average velocity 
in the lungs differs from that in the reft of !he 
body ; he however remarks that it is fenl through 
them with lefs force ; becaufe there are fewer 
obftacles to its progrefs, and the right ventricle is 
confequeiitly lefs ftrong than the left.f'c^ 

Note 
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NoteXLVI. 



The following remarks of Boerhaavc, wh& 
was diftinguiflied for his extenlive acquaintance 
with all the branches of fcience, may ferve as 3 
proof of the entire ignorance refpedling the change 
effeiled in the blood by refpiration which pre- 
vailed in his time. He imagines that as long as 
the foramen ovale and dui£tus arteriofus are kept 
open, the animal can continue to live without air, 
becaufe the blood will then be able to pafs from 
the right to the left fide of the heart. He even 
fuppofes, that by frequently plunging the young 
animal in water, the clofing of thefe holes might 
be prevented, and the creature be thus rendered 
amphibious. Why we cannot dilate the cheft un- 
der water, and continue^to live in this fituation, he 
fays, " hoc nobis K^vm« efl," but he adds with 
his accullomed candour, " quod forfan vobis, vcf- 
" troque kvo, aliquid patcfcet-'Y"*,^ M. Buffon 
aflually performed fome cNperimcnts upon this 
fubjciS. (bj Thefe opinions, which at prefent af- 
fume almoft a ludicrous appearance, were pardon- 
able at the period when they were advanced. But 
we can fcarcely extend our apology to the phyfio- 
logift, who after all the pneumatic difcoverics 
which 
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which have immortalized the" names of Blad 
Prieftley, Lavoifier, and Crawford, can flill fan! 
iiiat, " by frequent immerfion in water, the af- 
" fociation between the movements of the heart 
*' and lungs might perhaps be dilToIved ; and an 
" anima! be inured to live commodioufly) for any 
*^ time, under water." (a) 

Note XLVn. 

It ift Rurious to obferve the manner in whS 
Haller fpeaks of this experiment. " Hoc vulgare 
•' experimentum non a Lowero folum, verum 
" etiam ab Helvetio ferio propofitum eft." 

Note XLVIII. 

Dr. Crawford, in conformity with the ihci 
'it that time prevalent,^ imagined that carbonic 
acid was produced by the union of oxygene and 
hydrogcnc. He was confirmed in this error by 
the cffecfls which hydrogene had been found to 
. produce upon the craflamcnium in the experi- 
inents of Dr. Pricllley, where bright fcarlet blood, 
by expofure to this gas, was rendered dark 
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coloured, and acquired the venous charafler. Dr. 
Hamilton alfo found that the fame change was 
produced in the colour of arterial blood by in- 
troducing hydrogenous gas into the carotid of a 
living animal, ^a^ 

Note XLIX. 

M. Haffenfratz notices the objciilions which 
are mentioned in the text, yet he lays the moll 
ftrefb upon the manner in which the old theory 
accounts for the produiSion of animal heat. He 
aflerts, that according to il, the caloric is altoge- 
ther evolved in the lungs, and that confequently 
their temperature ought to be much fupeiior to 
that of the other parts of the fyftem. He fays, 
that according to Dr. Crawford's hypothefis, 
" ies poumons font le foyer oil fe degagc toule la 
" chalcur que le lang abandonne dans I'economie 
" animalc," And again, " M. de la Grange 
" reflechiflant que ss toute la chaleur qui fe dif- 
" tribue dans I'economie animalc fe dcgageoit 
" dans Ies poamons, &c." (b) When we confi- 
der that this memoir was written many years 
after the publication of Dr. Crawford's trcatife 
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I on aiitmal heat, it is Ibmewhat furprizing, that 
fuch cxpreffions fiiould be employed by ("o experi- 
enced a philofopher as M. Hafienfratz. The 
friends of fcience, muft lament that the progjefs 
of knowledge is too frequently intemipted by 3 
fpirit of national jealouty. 



Note L. 



Mr. Davy conceives, that after a complete 
refpiratton of atmofpberic air, the gas contained 
in his bronchial vcflels, when reduced to the 
temperature of 55*", would amount only to 33 
cubic inches, confifting of azote 23, oxygeno 
4 ■ 9, and carbonic acid 4'] cubic inches. ,''0^ 
He refpired lOO cubic inches of the gafeous 
oxide of azote for about half a minute, by this 
procefs he found, that the gas was diminithed to 
63 cubic inches, which upon examination, he 
found were compofed of the nitrous oxide 29, 
azote 25 "7, oxygene 4 ■ J, and carbonic acid S • 3 
cubic inches. He concludes that 32 cubic inches 
of gas, of the fame compofilion, will be ftill left 
in the lungs ; thefe will confift of nitrous oxide 
J4'7, azoie 13'3, oxygene 2*1, and carbonic 
acid 1 ■ 9 inches. Before the experiment, the 
gas in the lungs, and in the apparatus, added 
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together, were 132 cubic inches, compofed of the 
oxide 100, azote 23, oxygene4.g, and carbonic 
acid 4 ' 1 inches ; after the experiment, the gafes 
in ihe lungs, and the apparatus taken together, 
amounted only to 94 inches, compofed of the ni- 
trous oxide 43 ■ 7, azote 39, oxygene 6 ■ I, and 
carbonic acid 5 ■ 2 inches. From ihcfe data Mr. 
Davy inferred that 56 ■ 3 cubic inches of the oxide 
has been abforbed, and 16 inches of azote produc- 
ed, fa) Upon this experiment it may be remarked, 
that the 32 cubic inches fuppofed to be in the lungs 
at the commencement, is probably much lefs 
than the adlual quantity which they contained. 
It is not exprefsly fiated by Mr. Davy, that he 
made a complete expiration before the experiment, 
but granting this to be the cafe, we may conjc(5ture, 
that above lOO cubic inches would be ftill left in 
the lungs ; now fuppofing the whole of ihis quan- 
tity to be of the fame compofition with the part 
examined by Mr. Davy, it will be compofed of 
about 72 parts azote, 13 oxygene, and 13 car- 
bonic acid J if to thcfc we add 1 00 cubic inches 
of nitrous oxide, we fliall have the whole amount 
of gafes before the experltnent. After the expe- 
riment, fuppoling ihat a complete expiration 
was made, there will flill be 100 inches left in 
the lungs; fuppofing with Mr. Davy, that the 
reiidual 
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rcfidual gas in the lungs, is of tlie fame compo- 
iition with that in the apparatus, thefe lOO inches 
will be compofed of about 46 inches nitrous ox- 
ide, 41*5 azote, fl • 6 oxygene, and 5 ■ g carbo- 
nic acid. If we add thefe quantities to the gafes 
left in the apparatus, the whole amount of the 
refidue after the experiment, will be nitrous 
oxide 75 inches, azote 6? -2, oxygene lO-? and 
carbonic acid 9 ■ 1 inches. Thefe numbers com- 
pared with the refpeciivc quanlities at the com- 
mencement of the experiment, will give a defi- 
ciency in all the gafes to the following amount ; 
nitrous oxide 15 inches, azote 4 ■ 8 inches, oxy- 
gene 4 ■ 3, and carbonic acid S-Q cubic inches. 
In making this calculation, it is alTumcd, that the 
loo inches which are fuppofed to be in the Jungs 
before and after the experiment, are of the fame 
compofition with the gas in the apparatus, but of 
this we have no dire<5l proof. It is impoflible 
therefore, (o form any pofitive conclufions from 
an eftimate founded upon fuch uncertain data, but 
the refult is unfavourable 10 liie fuppofition, that 
azote is evolved in thefe circumfiances ; perhaps if 
the experiment were repeated with the requifite 
precautions, it would be found, that the only 
change which is e(^e<!ncd, is an abforption of part 
of the nitrous oxide. 
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Before the experiment, thegafus were, 

Oxygtne Mole Curb. Acid Nilr- oy. Total 

In the lungs 15 72 13 100 

Intheappar. lOO 100 



Total 15 72 

After the expe 
In the lungs 6 • 6 41*5 


13 

riment, 
5-9 
3-2 


100 

46 
29 


200 

100 
63 










67. a 


9-1 






Total 10-7 


75 


162 
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The facility with which the greateil part of the 
oxygene of the atmofphere is abforbed in the vari- 
ous Eudiouietrical procefles, and the difficulty of 
feparating the lall portions of it, lo as to obtain the 
azote in a perfeft ftate of purity, affords a ftrong 
prefumption, that the corpponent parts of the at- 
mofphere are united together in a flate of chemi- 
cal compofition, and not mechanically mixed, or 
merely diffufed through each other's fubftance. 
It appears, that in this cafe, the atmofphere is 
fubjedled to the fame laws of -affinity, which the 
learned 
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learned M. BerthoIIet has (hewn to cxift 
chemical compounds, faj 

Note LI I. 



As the red particles can only be rendered vili- 
ble by the aid of the microfcope, the obfervations 
that have been made upon them, are deeply tinged 
with that uncertainty which always attends the 
ufe of high magnifying powers. In fome inftances 
we are able to point out, upon optical principles, 
the probable caiife of the deception ; but, in other 
cafes, it mull be eonfefled, that there is reafon to 
fiifpedl, that the obferver faw what beft coincided 
with his previous hypothefis. A good account of 
the obfervations which have been made upon this 
fubjc<ft, accompanied with fnme original experi- 
ments, may be found in the appendix to Mr, Ca- 
vallo's treatifeon the factitious airs. 

Note LIII. 

In the Phil, Tratif. for ] 7 97, there is a paper 
on the colour of the blood, written by Dr. Wells, 
in which the author endeavours to overthrow the 
generally received opinions npon this fubjeiS. 
He conceives, that the alteration Induced upon 

the 
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the colour of the blood, as well by the aiSJon of 
OJtygene, as of fome of the neutral falts, is alto- 
gether independent of any change effeifted by 
them upon its colouring matter. In order to 
prove this propolition, he made a folulion of the 
red particles (i. e. the colouring matter) in water, 
and he found, that the colour of this folution was 
not afFetfted by the fame reagents, which produce 
a change of colour in the craflfamentum of the 
blood. He alfo found that an aqueous folution of 
the red particles, whether taken from the crafla- 
mentum of the arterial, or the venous blood, ex- 
hibited precifely the fame fhade of colour. Hence 
he concludes, that the aiftion of air, nitre, and 
other fubftances which redden the blood, is exer- 
cifed not upon the red particles themfelvea, but 
upon the medium which furrounds them. This 
aftion confills in rendering the ferum more denfe, 

Jand thus caufing it to refleft a greater number of 
rays of light from its internal furface; and he at- 
tempted to prove by experiment, that the blood 
is in faift rendered more denfe, in thofe cafes where 

tits colour is brightened. The reafoniiig of Dr.. 
Wells is certainly ingenious, but, I thint, not 
conclufive. We know, that by folution in water, 
the peculiar texture and organization of the red 
particles is dellroycd, fo that though no alteration 

■ of colour be pioduced by the air upon thefe bo- 

■ dies, 



dies, when in this ftate. It does not follow that 
the change would not be produced, if the air 
were applied to ihem while they retained their 
globular form. Our knowledge refpedting the 
arrangement of the minute particles of bodies, is 
perhaps too imperfeift for us to determine with 
certainty, by what means the changes of colour 
are effected, which follow from the application of 
different chemical reagents ; an alteration in the 
denlity of the body, may probably be one among 
other methods ; but fuppofing this to take place 
in the cafe now under confideration, it is more 
natural to conceive, that the a<3ion ftiould be ex- 
crcifed upon the panicles themfelves, than upon 
the fubftancc which is contiguous to them. 



Dr. Wells, in the 2d part of his paper, offers 
fome experiments to ftiew, that the red colour of 
the blood does not depend upon the iron contain- 
ed in the red particles. They certainly doftrve 
confideration, but if we admit them in their full 
extent, they would prove, that no part of the blood 
contains iron in the faline ftate, a pofition which 
is directly oppoftd by the experiments that have 
been made more lately by Fourcroy and Vauquelin, 
who have not only confirmed the exiftence of the 
iron, but have afcertained, apparently with great 
exa^lnefs, the Hate of combination in which tc 
exiles. 
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exifls. The hypotlielis with which Dr. Wells 
Concludes his paper, viz. that the red globules 
are compofed of two diftin£t fubftances, poflefled 
of different chemical properties, even though it 
coincides with the microfcoplcal obfcrvations of 
Mr. Hewfon, 1 cannot but confider as altogether 
fanciful. Before we attempt to form any more 
conjeflurea on this fubjedl, it would be defirable 
to repeat and vary the experiments of Fourcroy 
and Vauquclin. 

The imagination of the poet has in Ibme de- 
jgree anticipated thedifcovery of the chemills. 

Wben air'i pure dTcDce joioE the vital flood. 
And with phosphoric acid dycji (he blood. 
Your virgin trains the tranfieiU heat ilifparl. 
And lead the foft combiiliion to (be heart. Ike. fa) 

Dr. Darwin obfervee in a note, " Dr. Craw- 
ford, in his ingenious work on animal heat, has 
" endeavoured to prove, that during the combi- 
•* ration of the pure part of the atmofphere with 
" the phlogiliio part of the blood, much of the 
*' matter of beat is given out from the air ; and 
that this Is the great and perpetual fource of the 
" heat of animals; to which we may add, that 
" the 

(<i/ Economtj of Fegelation canta i. /. 399— *02. 
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■ the phosphoric acid is probably produced by this 
' combination ; by which acid ihc colour of the 
' blood is changed in the lungs from a deep 

■ crimfon to a bright fcarlet." 



Note LIV. 
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M. Abiklgaard, of Copenhagen, made fome 
experiments, of which a fketch is given in the 
Annates de Chimie, (a) in order to determine the 
comparative quantity of carbone in the arterial 
and the venous blood. 100 Parts of the venous 
blood of a horfe, when dried by a moderate heat, 
afforded 26 parts of a dry pulverizable fubftance, 
whereas loO parts of the arterial blood treated in 
the fame manner, yielded only 25 parts. An 
ounce of venous blood, dried and decompofed Id 
aclofeveflcl, produced US| grs. of carbonaceous 
matter ; the fame quantity of arterial blood pro- 
duced no more than 87| grs. Thefe experiments 
certainly appear favourable to the modern theory 
of refpiration, but the account which is given of 
them is too concife to enable us to form any dcci- 
five conclufions. 

Note LV. 

Dr. Bancroft firft fuggefted the opinion, that 
charcoal 
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charcoal was an oxide of carbone, /u^ an. opinion 
which has been fince amply confirmed by the ex- 
periments of Guyton and Tennant. It is proba- 
ble that this black oxide of carbone can only be 
formed by a degree of heat fufRcient to produce 
ignition, and confequenUy much Ibperior to that 
of the blood. It may alfo be prefumed, from the 
whitcnefs of the chyle, that the carbone which it 
contains, is not combined with cxygene, or at 
leafl, not in, that (late of oxidation, which confti- 
tutes charcoal. Hence we may infer, that the in- 
flammable matter of the blood cxifts i n the ftate of 
pure carbone, and confequently, that the carbonic 
acid which is emitted from the Inngs, is formed 
by the union of 18 parts of carbone, with 82 
parts of oxygene. Dr. Bree fuppofes that the 
dark colour which the mucus of the bronchial 
glands fomctimes aflbmes, is owing to a portion of 
the carbone of the blood, which, in afthmatic pa- 
tients, is not carried off, in fufficicnt quantity, by 
the formation of carbonic acid, (bj 
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The Opinion of Mr. Abernethy, refpefling 

the origin of the carbonic acid difcharged from 

the lungs, is very different from that generally af- 

figned l>y the modern phyfiologifts. He obfervcs, 

Q that 
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llttC f' M one titnCi phyfidogifls believed that tbe 
** infpired oxygenous gas, contributed to the pro- 
** duction of the carbonic gas, found in the air 
" expired. This opinion perhaps fiill prevails in 
** theraindsoffomepeopIe.'V'oJ I conceive, hovv- 
' <rer, that the doclrine which is here reprobated, 
is at prefent almoft univerfally adopted. Mr. 
Abcrnclhy fuppofes that the carbonic acid emitted 
•from the lur>gs, is not properly the produiS of re. 
Ipiration ; but is (imply exhaled from the pulmo- 
■nary vcflels. His chief objeftion io the contrary 
ido6b-ine is, that the quantity of oxygcne received 
Into the blood by the lungs, is not fufficienttoge- 
taerate the carbonic acid which is expelled. But 
on this point, Mr. Abemethy's opinion is in di- 
■re6t oppofition to that of M. Lavoifier, and the ■ 
inoft eminent chemifts, who conclude from their 
experiments, that the quantity of oxygcne ab- 
forbed, is confiderably moi-e than fufficient to 
fbnn the carbonic acid. 

The opinion of M. Burdln, concerning the for- 
tnatioii of the carbonic acid emitted from the lungs, 
is in fome refpetjls limilar to that embraced by 
■!Mr. Aberoetby, and is in like manner very dlf- 
^ent from the one gener^ly adopted. He 
ardagines that all the ingredients of the acid exift 
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in the venous blood, previous to its return to 
the lungs, and that wrhcn it arrives at this organ, 
they are united, and ieparated from it by fecre- 
tion. He fuppofes that oxygene is at the fame 
time abforbed by the blood, but that it has nq 
immediate fliare in the formation of the carbo- 
nic acid (aj In oppofition to this hypothefis ic 
may be urged, that the abforption of oxygene and 
the production of carbonic acid, talce place in 
the fame manner, when a piece of craflamcntum 
is placed in ajar filled with oxygeric, as when jlie 
venous blood is afled upon by the air contained 
in the veficles. From this circumftance it fol- 
lows, that the effedt produced depends altogether 
upon a chemical affinity between the oxygene, 
and one or more of the conftituents of the blood, 
and not upon the operation of a fun<5lion which 
can only fubfift during life. 

Note LVI. 

In forming this conclufion, I decide not only 
in oppofition to the opinion of M. Lavoifier, but 
of nearly all the phyfiologifts who have treated 
upon this fubjecft fince the publication of his me- 
moirs. The opinions of the French chemifts, as 
far as I am acquainted with their works, almofi: 
Q 2 uniformly 
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imifiinnly coincide with thai of their illufbiotu 
eountrjnnao/ii^ 

Among the Germans I find the fame do«flrine 

fopported by Bluraenbach, Jacquin, aiMi Grcn/h) 

*and in oor own coiintr)- by Crawford, Cavallo, 

Higgins, Curiie, Tbomfon, Buthcrford and 

Allen, ^c; 



It is to be obferved, that the formation of 
water is equally owing to refpiration, whether in 
conformity with the opinion of M Lavoifier we 
fjppofe it to be immediately generated in the 
lungs, or in pafliiig along the fanguiferous fyflem, 
according to HafTenfratz's hypothefis. In both 
cafes it is produced by the union of oxygene ab- 
forbed 

(a) Guyton-Morveati, Enc. Meth. Chimie, 1. 1. p. 727. 

y65. Sequin, Ann. de Chim. I. j.\\. p. 223. W Med. 

, Bclairte. FouTCToy, Sysleme, iifc. I. a. p. 373. (. i. p. S6. 

Hassenfralx, Ann. de Chim. t. ix. p. 261. yauquelin, Ann. 

ife Chim. t. xii. p. 290. De la Metkerie, Joutk. de Phys. 

, #. xlvi. p. )06. Cuvier, Lemons d'Anal. comp. I. i. p. Q2. 

I ^cheraad, P/iys. p. }4Q. 

flij Blumtnbach, Iiul.Pki/s.'p. 115. Jacguin, El. 0/ 
[ jCiemislrii, f 956. Gren, Ann. de Ckim. xsiv. p. 196. 

(cj Craw/ord on Animal Heal, p. 154. Cavallo's Elem. 

1 ^ Nat. Phil. V. ii. p. 540, 1. Htggtns's Minutes of a So- 

ftitly, p. 163. Currie's Med. Repurtt, p. ig2. Thomson'i 

Chemistry, v. iv. p. 4Q7. Rutherford in Marcet de Dialete, 

p. 31. Allen in De la Rive de Cat. Anim. p. 35, 
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forbed by the blood in the lungs, and hydrogene 
previoufly exiting in that fluid. 

Note LVII. 

M. Lavoifier, in the two memoirs on refpira- 
tion, written in coiijunition with his friend Se- 
guin, to which I have already fo frequendy re- 
ferred, employs no arguments to prove the dif- 
charge of hydrogene from the blood in addition 
to thofe ftated above : as however thefe papers 
contain an account of the moll elaborate expe- 
riments that have ever been performed upon the 
lubjedl of refpiration, and are the laft works 
which this great philofopher lived to complete, it 
may be defirable to examine them with fome de- 
gree of minutenefs. 



After ftating fome general propofitions re- 
fpeiSing the nature of combuftion, and the com- 
pofitlon of the bodies which are produced by 
refpiration, they proceed to obferve, that this 
funi^ion may be confldered as a flow combuftion 
of carbone and hydrogene, and that its effeft 
is to abflradt from the blood a quantity of thefe 
fubflances, and to depolit there a portion of ca- 
loric. There is, however, one circumflance, in 
which refpiration is materially different froni 
combuflion ; 



Kote 57. 

cdmlmftioii ; this latter operation proceeds with 
more rapidity in proportion to the greater pu- 
rity of the air employed, whereas the quantity of 
oxygenc which an anitnal confumesin refpiration, 
s very nearly the fame in whatever proportion it 
exifts in the air received into the lungs. This 
p'ropofition was proved by a feries of experiments 
performed upoii guinea-pigs. Thefe animals 
were confined for feme days in air of different 
compofition, from pure onygenc on the one hand, 
<o air which only contained 7^ part of this fub- 
ftance. Wc arc cxpreflly told, that under thefe 
circumftances, the refpiration and circulation 
Iffere not afFedled, and that the heat continued 
the fame ; in fhort the only perceptible alteration 
in the ftate of the animal was a degree of drow- 
finefs, when too large a proportion of azote had 
been employed. There appears no reafon to 
3oubt the accuracy of thefe experiments, the 
conclufions from them are probably different 
from what we fhould have been led to expefl ; 
^ey however demonftrate the ablblute inefficiency 
of the attempts which have been of late made 
with fo much confidence to introduce at pleafure 
into the fyfttm, a greater or lefs quantity of oxy- 
genc, merely by varying the compofition of the 
1. air prefentcd to the lungs. The authors (late, 
'{hat during refpiration there ts neither any difen- 
gagement 
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gagement nor abforption of azote ; they confider 
this fubftancc as entirely paffive, and afTert that 
any other gas mixed with the oxygene, which 
was not immediately noxious, would anfiver the 
fame purpofes with the air of the atraofpherci 
they eniployed hydrogene, and found no incon- 
vcnienc6 to arife from its ufe. It had been ob- 
ferved, that the quantity of oxygene confumed in 
a given time, was different in diiferent ftates of 
the animal cBConomy ; the authors proceed to la- 
velligate the amount of thefe changes, and foe 
this purpofe M. Seguin himfelf became the fub- 
jeil of the experiments. The circuraftances 
which llicy noticed as afFetftlng the procefs of 
refpiration were, teraperaturcj exercife, and thd 
flate of digeftion. As a ftandard for the reft 
of ihe experiments, they began by taking an 
average cffeS. produced by a man at reft, with 
the ftomach empty, and at the temperature of 
82° J under tbefe circumftances he confumed in 
the fpace of an hour l2to cubic inches of oxy- 
gene. At the temperature of 57°, the other cir- ' 
cumfiances remaining as before, he confumed 
J 344 inches. During the procefs of digeftion, 
the confumptioR of oxygene was increafed to 13 
or 1900 inches. While the ftomach was empty, 
and the body in a. ftate of violent exerclle, 320O 
inches were confumed in an hour, aud when he 

ufed 



ufed the fame exertion after taking foodj 
qaantity was inrrcafed to 4000 cubic inches in 
the fame fpace of time. Notwilh Handing this 
great difference in the quantity of oxygene con- 
fumed, the temperature of the body was fcarcely 
affected, but the circulation, and the rcfpira- 
tion, were confiderably quickened. The authors 
bbferve, that thefe numbers muft only be conii- 
dered as indicating proportions, becaufe it is 
probable, that individuals differ in the abfolule 
quantity of the changes which are effected by 
tfpiration. The apparatus by which thefe e; 
rnents were performed, is not fpecified. 
ttuft be obferved that the effefls produced upon 
' .the refpiration by a change of temperature, had 
( ieveral years before been diffinclly pointed out 
tly Dr. Crawford, and M. Jurine had alfo afcer- 
[jtained that mufcular exertion, and ihcftateofthe 
I ftbmach, produced very important effedls upon 
! this funftion, yet neither of thefe authors are 
' lioticed in the memoir now under confiderat; 



Diule 
jDon I 



' Taking into account all thele different 
eomfiances, the authors conclude, that about 
fcubic foot, or 1728 inches, may be confidered as 
the average quantity of oxygene confumed in an 
liour, and confequently 24 cubic feet in the 
courfe of a day. They next proceed to 
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out what proportiona of this oxygens are to 
be refpeflively affigned to the produiftion of the 
carbonic acid, and the water. It is not expreflly 
Hated, in what manner the fum of the carbonic 
acid was obtained, but this we may fuppofe to 
be fufficiently accurate. It is then affumed, that 
this carbonic acid is compoftd of carbone, which 
previoufly exifted in the blood, in the fame flate 
of oxidation with charcoal, and the additional 
quantity of oxygene is efiimated, which is re- 
quired to form it into complete carbonic acid. 
The remainder of the oxygene is fuppofed to be 
employed in the produiftion of water, and by 
calculating how much water can be formed by 
this fupcrabundant oxygene, the amount of the 
aqueous exhalation from the lungs is eltimated. 
It will not be neceflary to follow the authors 
through their details; I have endeavoured to 
fhew that their calculations are built upon the 
aflbmption of data, one of which is improbable, 
and the other at leaft incapable of proof. The 
memoir concludes with fomc general rcfleiftions 
deduced from the experimenls. With refpedl to 
the increafed confumption of oxygene in a low 
temperature, the authors are inclined to attribute 
it to the greater denfity which cold air pollbfles, 
and to fuppofe, that the principal circumftance 
which moderates the heat of the body in. a high 
temperature, 



temperature, is tlie incrcafe of tranfpiration, 
which carries of part of the caloric that had been 
previoufly evolved, by the formation of the wa- 
ter and carbonic acid. 




Before I leave this memoir, I mull 
^at in the cilimatc which is made of the quan~ 
tity of water formed in the lungs, the figures 
, which denote the weight of the hydrogene dif- 
charged, and of the water produced, do not 
correfpond. The whole quantity of oxygene 
fuppofed to beconfumed is 1908O grs. ; the car- 
bonic acid produced is 21600 grs.; this will 
contain 15353 grs. of oxygene. There will 
then be left for the formation of water 3528 
grs., which will require 622 grs., or I oz. 46 grs. 
of hydrogene, and the quantity of water pro- 
duced will be 4130 grs, or 7 oz. 1 dr. 46 grs. 
In the memoir under confideration, the quantity 
of hydrogene is ftated to be 1 oz. 5 drs. 31 grs. 
and the water only 3 drs. 5 1 grs. 



Dtl of 



The 2d memoir written by M M. Lavi 
. and Seguin, is expreflly on the tranfpiration of 
animals. Tranfpiration is defcribed as confifting 
in thelofs of a certain moifture, which requires a 
t|uantity of heat to reduce it to vapour, in order 
to Qiirry il oS from the body ; it proceeds both 



from 
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from ihe (kin and the lungs, and according as 
it is derived from the one or the other of thefe 
fources, it is ftiled the cutaneous, or the pulmo- 
nary tranfpiralion. Upon the greater or lefs 
quantity of this tranfpi ration, together with the 
degree of dcnfity in the infpired air, the authors 
conceive, that the uniformity of temperature 
depends, which the animal preferves in all the 
different degrees of external heat to which it is 
expofed. In addition to the aqueous vapour de- 
rived from the cutaneous and pulmonary tranf- 
piratioo, there is alfo the water fuppofed to be 
generated in the lungs from the immediate 
union of oxygene and hydrogenc ; it remained 
therefore to contrive a method by which the 
effect of thefe operations might be kept dif- 
tin<it and precifely afcertained ; for ibis pur- 
pofe the following apparatus was employed. 
A perTon was enclofed in a lilk garment co- 
vered with a varnish of clallic gum, he had a 
tube adapted to bis mouth, aud by this me- 
thod it is Hated, that the cfFedls of tranfpiration 
and of refpiration were kept diflinft. But in 
this ftatcment there appears to be an inaccuracy ; 
the effefls of cutaneous tranfpiration would cer- 
tainly be kept diilindl, from the cffcfts of pul- 
monary tranfpiration and refpiration, but it does 
not appear how ifaele two were to be feparated. 
•»r By 



By weighing the bod; juft after entering the ap- 
paratus and jiill before leaving it, ibey endea- 
voured ro afcertain ibe lofs of weight which the 
body experiences by refpiration, feparate Irom 
that by traiifpiration. By weighing the body 
immediately afier entering the apparatus, and im- 
mediately after leaving it, the total lofs which it 
experiences by all ihe different fources is afcer- 
tained. The authors conjecture, that there 
exudes into the bronchia a humour which is fepa- 
Tated from the blood, compofed chiefly of hydro- 
'gene and carbone, and which filtres through the 
membranes of the lungs. Thishumour, by being 
Very much attenuated as it pafTes through the 
■fmall exhalants, is in part confumed, and by de- 
xompofing the oxygene with which it is in rx>n- 
•ta€t during infpiration, water and carbonic acid 
■gas are produced. The authors obferve, that the 
[ -earbonic acid is removed from the lungs by ex- 
-'piration, but that the water would be accutnu- 
•lated, were there not a method provided by na- 
ture to prevent this circumftance. The air enters 
'the lungs cold, but ifllies from them wanned 
•nearly to the temperature of the blood, it wil), 
•therefore, difiolve a part of the water, and remove 
"it from the lungs. From this hypotbefis, which 
'fuppofes that the combuftible matter, diftngaged 
■ duving rcfpiration, is, in the firft inftance, trans- 
mitted 
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mitted through the pores of the Kings, in the 
form of an aqueous exhalation, it might be fiip-^ 
pofed quite fnpcrfluoiis lo aflign any other fourcd 
for the water of expiration ; but it is immediately 
added, that the water exhaled is derived from two 
fources, ift. the water of pulmonary tranfpira- 
tion which we have been defcribing, and 2d, that 
produced by the immediate union of oxygene and 
hydrogene, or what is filled the water of refpira- 
tion. We are informed, that in a future memoir 
the method will be detailed whieh was employed 
tQ feparate the water derived from thefe two 
fources, and to afcertain their refpeflive amounts ; 
but this memoir appears never to have been pub- 
lifhcd, in confequence, it may be prefumed, of 
the untimely fate of M. Lavoifier. 



The authors proceed to inform us, that by 
afcertaining what quantity of water was fent out 
of the limgs, and what quantity of carbonic acid 
was produced, and afterwards, by comparing thefe 
quantities with the quantity of oxygene con- 
fumed, an eflimale was formed of the water ge- 
nerated in the lungs, and of that which was eva- 
porated from them. From the expreflion cm- 
ployed there is reafon to infer that the water ex- 
haled was by fome method, which is not men- 
tioned in the memoir, aflually colle61ed and mea- 
■ I ,*<iJj.ii'[u.iii. fured, 




iur(d>'and not as in the former mdance fimply 
calculated by a comparifon \vith the oxygene 
coiil'iimed. But, fuppofing this to be accurately 
performed, before the conclufions could be ob- 
tained which are formed by Lavoifier and Seguin, 
it would be neceffary to prove that all the oxygene 
was employed in tlie formation of carbonic acid 
fnd Mater, and that the carbone had previoufly 
• exillcd ill the ftate of charcoal. They fcem to 
have been aware of the difiicuhy rcfpe<Sling the 
carbonic acid, and add, that if the carbonic acid 
be produced by digcftion, the oxygene mud he 
employed in the formation of the water of refpi- 
rition, which will diminilb the quantity fup- 
pofed to be derived from the pulmonary tranfpi- 
ration ; but it is fiill taken for granted, that all the 
oxygene is employed in uniting with the com- 
buftiblc matter difcharged from the blood. The 
piean rcfults of the experiments are then detailed, 
and are as follows ; — the lofa of weight exper 
rienced by the body in twenty- four hours is 
2lb. \Zoz.', this includes the lofs by reTpiratioD, 
and by both the cutaneous and the pulmonary 
iranfpiration ; of this quantity the cutaneous 
tranfpiration takes away lib, j4oz., and the ref- 
piralion 1 5oz. ; it appears by a fubfcquent part of 
the calculation, that this eftimate of the lofs by 
rcfpiratiou includes alio the lots by the pulmonary 
tranfpiration j 
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ti'anfpiratton ; it appears, indeed, that these two 
efFeAs were neceflarily confounded from the nature 
of the apparatus. The mean confumption of oxy- 
gene in twenty-four hours is 2lb. l oz, idr. lOgr. ; 
this oxygene is employed partly in the formation 
of carbonic acid, and partly in the formation of 
water. The weight of carbonic acid difengag* 
ed in .twenty-four hours is lib. l oz. 7dr. 4gr. 
confifting of oxygene . . ]2oz. odr. 4gr. 
carbone . . 5oz. 7dr. Ogr. 



lib. 1 oz. 7dr. 4gr. 
There is then left a quantity of oxygene equal to 
lib. 4oz. 2dr. lOgr. whichj in order to be formed 
into water, would require 3 oz. 3dr._ lOgrs. of 
hydrogene, which will produce a quantity of 
water equal to ilb. 7oz. 5drs. 20grs. 



The 2lbs, 130Z. which are fuppofed to 1 
Joft in twenty-four hours, will be found then 
confifl: of the following quantities: lb. oz. dr. 
Cutaneous tranfpiration oz. dr. gr. 114 
Carbone in the carb, acid 5 7 
Hydrogene in the water 3 3 10 
Pulmonary tranfpiration 5 5 6% 



Lofs by refpiration 
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Tn this calculation it amy be obTenred, tfaat Ute 
(wo firfl quantiiies only are the dire^ refiiU of ex- 
periment. The hydrogenc was eflitnated from 
the oxygene left after the formation of the car- 
bonic acid gas, and the pulmonary iranfpiration 
was a quantity aflumed to fupply the dilTereDce 
between «he weight of the hydrogene and the car- 
bone, and the total amount of the lofs by refpira- 
tion. It has been already noticed, that the difier- 
cnt cxperimeiits of Lavoilier himfelf, indicate very 
' different qiiantiiiesof ox ygcneconfumed,and of car- 
bonic acid produced in the proceis of relpiration. 



Upon the whole, we may conclude, that ihcfe 
memoirs fiiil leave us much in doubt refpeifling 
the nature of the changes produced upon the 
blood by refpiration, ftill Icfs can they be con- 
fidercd as afceruining with exaflnefs the amount 
of thcfe changes. At the fame time we muft ac- 
knowledge, that they exhibit an ingenuity in the 
contrivance, and a perfeveiance in the execution 
of experiments which fo jufily entitle their illuf- 

h *rious author to the firft rank among chemical 

1 philofophers. 



As roy objefl in the analyfis of thefc papers 
Vas, rather to prefcnt a view of the method of 
l^reafenisg employi:d by Lavoifier, than to enter 



I 



into an examination of his refults, I have retained 
the figures ufed in the original, which indicate 
the weights and meafures of France before the 
revolution. 

Note LVirt, 

I have referved the difcuflion of the fabjetft of 
animal heat to a fubfeqiient part of the eflay; 1 
ihall, however, in this place remark, that the doc- 
trine which I have attempted to eftabli(h concern- 
ing the non-emiflion of hydrogene by the lungs^ 
will materially affedl our opinions refpetting the 
influence of refpiration upon the temperature of 
the living body. According to the generally re- 
ceived theory, the whole, or a part of the water 
which is difcharged from the lungs, having been 
formed in the fyflem by the union of the gaflea 
which form iis component parts, produces the ex- 
trication of caloric in the fame manner as dur- 
ing the generation of the carbonic acid gas. But 
if, on the other hand, we fuppofe that the water is 
generally received into the (yftem by the flomach, 
in the fluid ftate, and is afterwards emitted from 
the body in the form of vapour, its difcharge will 
be neceflarily attended with a confiderablc expen- 
diture of caloric. This removal of caloric from 
the body will take place in exa6t proportion to 
the quantity of water evaporated, cither from the 
R Ikin 
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fltin or the lungs, and confcquently we mafi con- 
fider the difcharge of aqueous vapour, either by 
the pulmonary or the cutaneous tranfpiration, as 
in all inftances counteradling or moderating the 
cfFeds produced by the difcharge of carbone from 
the blood. According to this view of the func- 
tion of refpiration, the procefi by which the body 
is cooled in high temperatures, is not confined to 
the operations of the Ikin, but is efFeded in an 
equal or probably greater degree by the lungs, Co 
that we muft regard this organ as pofleffing the 
power of imparting or abllraifling heat to and 
from the fyftem, according to the teinpcratnre of 
the furrounding medium, or the occafional de- 
mands of the animal. The application of this 
hypothefis lo the operations of the living body, as 
, well in the Hate of health as of difeafe, is obvi- 
OLifly of great extent and importance, but J fhall 
not enter into any fpeculations concerning it un- 
til I have endeavoured, by experiment, to eftablifli 
its validity. I fiiall only remark, that I think it 
will materially aflift in the elucidation of thofe 
Anomalous fa&s in animal heat, which fome emi- 
tient modern phyfiologifis have conceived to be 
inexplicable upon the theory of Dr. Crawford. 
I allude particularly to the experiments and ob- 
fervations of the late Mr. Hunter, and to thofe 
more recently made by my much rcfpe^ted fiiend> 
Dr. Currie, Note 
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An hypothefis fimilar to this of M. Cuvier's, 
has been more lately propofedby Dr.Thomfonjfa^ 
it is advanced by him, as an original fuggeftion, 
and from the candor which pervades his writings, 
we muft conclude, that he had not feen the work 
of M. Ciivier when he wrote the article of Ani- 
mal Subftanccs, in the Supp. to the Enc. Brit. 
The Le;ons (tAnatomie Comparie, were published 
in 1800 (ann. 8), Dr. Thomfon's effay in ISOl. 
M. Cuvier and Dr. Thomfon, in conformity with 
the prevailing opinion, conceive that both car- 
bone and hydrogene are removed from the chyle 
when it is converted into blood, but we have no 
proof that the proportion of hydrogene is greater 
in chyle than in fibrine; the experiments that 
have been performed upon this fubje6l only 
prove, that azote exiils in greater proportion ia 
blood than in chyle. 

The hypothefis which is adopted by M. 
Richerand, to account for the more complete 
animalization of the chyle, appears Angularly 
perplexed. He fuppofes, that, as it paflcs through 
the lungSj after being mixed with the venous 
R 2 blooci, 

(a) ChmislrY,v.iv.p.49/. 



blood, 8 great part of H is depofited, " par une 
" forte de peripiration intcrieare," into the pa- 
rencbyroatous fubftancc of tbefe vifcera. In this 
^iDatioD it is oxidated by the contad of the aJr, 
and being re-abJbrbed by a number of inhaient 
^flets, it is carried to the bronchia! glands, where 
it dcpofits part of its carbone, " ct deftdigincux," 
and thus communicates lo tbem their black colour. 
Being thus purified, it is returned into the tbo- 
facic du<5t, and poured again into the fubciavian 
vein, whence it is brought back to the lungs, 
'and again fubjedled to the a£lion of the air. 
" Dc manicre qu'il fe fait," fays the author, 
** ^ travers ces organes, une veritable circulation 
*' lymphatiquc, dont robjc£t eft de donner au 
," chyleundegre d'animalisationplus advanc^e,'YoJ 

Note LX. 



In ordinary experiments, oxygenous gas is 
obtained from a metallic oxide, heated in con- 
tact with the fulphuric acid. But thefe oxides 
[ Viot unfret)uently contain a quantity of carbonic 
acid, which will neceflarlly be expelled by this 
procefs, and mixed with the oxygene ; this is 
particularly the cafe with the red oxide of lead, 
a fiibftance which frequently is made ufc of for 

the 

faj Phi/s p. 160, 1. 
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the difengagement of vital air. The black oxide 
of manganefe, which is often employed for the 
iame purpofe, is not unfrequeiitly mixed with the 
carbonate of lime, which will give out its carbonic 
acid daring the procefs faj When the heat has 
been applied for a confiderable length of time, 
and been in any degree violent, part of the fuU 
phuric acid itfclf will be converted into vapour, 
and be mixed with the gas. It is to accidental 
impregnations of this nature, that we muft at- 
tribute the painful fenfalion which fome perfons 
have experienced in attempting to refpire oxy- 
gene. 

Note LXr. 

Some perfons have inferred from Dr. Prieft- 
Icy's experiments, that the refpiration of oxygene is 
produfftive of injurious effecls to the animal con- 
flitution.f'fi^ This opinion was, I imagine, founded 
upon the obfervation of this philofopher, that after 
an animal had expired in oxj'genous gas, a 2d 
could continue to live for a (hort time in the fame 
air. Dr. Prieftley, however, attributed the death 
of the firft animal to the effeS. of cold, in con- 
fequence 



fa) Cavallo on Fael. Airs, p. 203. 
.fad. Air, fart i. p. |3. 
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iquCncc of its pafiing through the water by 
which the gas was confined, and he accordingly 
■was able to prolong the life of the animal for 
feveral hours, until the air was completely deoxi- 
dated, by placing it near the fire. " Thh ezfie- 
*' merit" he adds, "fully satisfied me, that it 
" was nothing in ike depklogisticatcd air itself, 
" thai ivas the reason that mice could not live tit 
" it." fa) The deficiency of external heat ap- 
pears evidently to have had an important effeiS 
upon the life of the animal, but there is another 
circumftance, which I am inclined to regard as a 
' A\\\ more immediate caufc of death, viz. a quan- 
ttity of carbonic acid gas, which would be gene- 
' rated, and be confined in the apparatus, A 
frefh and vigorous animal would be able for fome 
time to bear with impunity a quantity of this 
^gas, which had proved fatal to one whofc powers 
\ were exhauftcd by the long continued expofuro 
Lto it. In confirmation of this opinion, J may 
CTemark, that the very fame circumftance has been 
I found by Cigna, Jurine, Morozzo, and others, 
lto occur in the refpiralipn of a limited quantity of 
t ^tmofpherical air. (b) 



M. Lavoifier 

CaJ Exper. on Mr, v. W. p. 165. fhj Journal de 

Phjs. I. ixr. p. 103, 6. Cfiaplats Chemhtry, v. Up. 13), 2. 
£nc. Mel/i. Art. Med. tip. 496. 



M. Lavoifier, in fome of his earlier experi- 
ments made the fame oblcrvation, viz, that after 
the death of the firft animal, the air was left in 
fufficient purity, to fupport for fome time the 
life of a fccond. The fame explanation may be 
had recourfe to in thefe, as in the experiments 
of Dr. Prieftley ; indeed, as M. Lavoificr con- 
fined his gas by mercury, there would be a greater 
proportion of carbonic acid mixed with the oxy- 
gene, than when water was employed, as this 
fluid would nccefTarily abforb part of the acid. 
When animals have been con6ned in oxygene, 
and the carbonic acid has been carefully re- 
moved by a pure alcali, or by lime water, the 
animal has completely abforbcd the whole of the 
oxygene without any inconvenience, (b) 

We may remark, that the experiments of 
Dr. Prieftley, in which be found an animal 
confined in oxygenous gas, to fufFcr fo much 
from the efFedis of cold, afford a ftrong pre- 
fumptive argument againft the increafe of tem- 
perature, which fome fpeculative chemifts have 
imagined, muft be produced by the refpirailon of 
oxygene. 

The 

Caj lliggins's Minula of a Sodily, p. 133. 



The only other obfervations upon this fub- 

, jefl, which I find in the writings of Dr, Prteft- 

ley, are contained in the following paragraph. 

" From the greater ftrenglh and vivacity of the 

•• flame of a candle, in this pure air, it may be 

' **■ conjectured, that it might be peculiarly falutary 

L" to the lungs in certain morbid cafes, when the 

' common air would not be fufficient to carry 

' off the phlogiftic putrid effluvium fad enough. 

•* But, perhaps, we may alfo infer from theic 

•• experiments, that though pure dephlogiflicated 

' air might be very ufcful as a' medicitte, it 

might not be fo proper for us in the ufual 

healthy Hate of the body ; for as a oandle 

t *' burns out much fafter ia dephlogifticated than 

" in common air, {o we might, as may be faid, 

" live out too fast, and the animal powers be 

" too foon exhaufled in this pure kind of air." (a) 

It can fcarcely be conceived, that Dr. Beddoes 

lias built his pofitivc aflertion on the mere fpecu- 

lation of Dr. Prieftley; a fpeculation ingenious 

indeed, and, at the time when it was formed, 

plautible, ^ut which has been iince contH 

verted by the dired experiments of M. Lavoifi 

Note LXII. 

" On fait que la combuftion, toutes cha 
^gal 

(a) Ejcper. on AW, v. n. p. iGs. 
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" egales d'ailleurs, eft d'autant plus rapidc, que 
" I'air dans'lequel e'opere, eft plus pur. Ainfi, par 
" example, U fe confomme dans un temps donne 
" beaucoup plus de cliarbon ou de tout autre com- 
" buftible, dans I'air vital, que dans I'air de I'atmo- 
" fph£rc. On avoit toujours penle, qu'il en etoit 
*' de m^mc de la refpiration ; qu'il devoit s'acce- 
" l^rer dans I'air vital, and qu'alorsil devoit fed^- 
" gager foitdans lepoumon, foit dans le cours de 
" la circulation, une plus grande quantite de calo- 
" riqiie. Mais I' experience a detruit toutcs ce$ opi- 
" nions qvi neto'ient Jon<Ues que sur fanalogie. 
" Soit que les animaux refpirent dans I'air viial pur, 
** foil qu'ils reipirent ce meme air, melange avec 
" une proportion plusoumoinsconfidcrabledegaz 
" azote, la qiiantilc d'air vital qu'ilsconfbmment, 
" eft toujours la raeme, & de tres-legeres difFerences 
" prfis. II nous eft arrive plufieurs fois, de tenir 
" un cochon d'Inde pendant plulieurs jours, foit 
" dans Pair vital pur, foit dans un melange de 
'• quinze parties, de gaz azote & d'une d'air vital, 
*' en enlretenanl conftammenl les niemes propor- 
" tiona ; I'aiiinial dans les deux cas eft demeurd 
" dans fon £tat naturel ; fa refpiration & fa circu- 
" lalionne paroiflbient pas fenliblemcnt, ni acce- 
" lerdes, ni retard^es; fa chalcur etoit ^gale, & 
" il avoilfeulcmeni, lorfque la proportion de gaz 
azote 



I 
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, ** asote de«enai( trap forte, un pcapius de ddiio- 
' fidcn A J' a&MptSaneaL." (sj 

Note Lxni. 

Soon after it was difcorered that orfgenooj 
• gas poflHTes the appropriate power of (upportiDi^ 
aninial life, the idea was fuggelted of employing 
I ,Jr for medicinal pnrpofcs. As it was known, that 
! in phtbifis the lungs are mocb irijured in their 
I lexture, and probably rendered iiicapable of per- 
forming their funftians to the full extent, feme of 
the French chenjifts conceived that the refpiration 
■ of oxygenc might prove advantageous in ibis 
; difeafe, by permitting the fyftem to acquire its 
[ due proportion of this element with greater fa- 
. Cility. The idea was at Icafl as plaufible as the 
L, generality of medical hypoihcfes, and the fubjecis 
L of ihe firfl experiments, in confequence of the 
Lftappy dclufion which fo frequently attends this 
L iiital complaint, were infpired with firong hopes 
jLpf the fuccefs of the new pradiceY*^ 



Shortly after this period a fpeculation of an 
oppofite 

- (a) Lavoisier, Mem. Jcad, 1789. p. 5?3. (t) Chap' 
fiimtt Chemistry, V. i. p. 138. Jurine, Enc. Melk. art. Me- 

'itetiu, i. i. p. 300. Fvurcroij, Ann. de Chim. I. iv. f 

a srq. 
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oppoiite nature was formed in this 



; country'. It 
was imagined that the lyftem,. \vlien affeifled by 
phthifis, had in feme way acquired too large a 
proportion of oxygene in its compofiiion. and It 
was confequently concluded that benefit muft 
be derived from the retpiration of a gas which 
contained a fmaller proportion of oxygene than 
the air of the atmofphere. The objections which 
were urged againfl this hypothcfis were indeed 
numerous, and the defenders of it were una- 
ble to point out by wliat means the Jyftem 
could acquire this fiiperabundant quantity of 
oxygene. But all oppofition was for fome time 
iilcnccd by the apparent fuecefs which attended 
the employment of the pneumatic medicines, and 
)b fully perfuaded were the profcflion at large of 
the advantage likely to refult from their ufe, that 
a public fubfcription was aiiually commenced, in 
order to form an inftitution, for the purpofe of 
curing confumption by the employment of the 
different gafes. But the infatu:ition has at length 
fubiided, and the plan feems lo be abandoned by 
the projedlor himfelf, who cannot be fuppofed to 
want either zeal or induftry in the promotion of 
bis favorite fcheme. 



Note LXIV. 



L 



Few perfons, I conceive, in the prefent day, 
will 
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will objei^ to this expreiIion« .The pertinatity 
with which the oppofite opinion w^ maintained 
by the determined followers of , the Brunonian 
dpdrine^ appears to me one of the moil finguLar 
contefts of theory againft experience^ which has 
ocxurred in the biftory of modern fcience. pr. 
$mith^ in his Taluabk dififertation *^ de adlione 
^^ mufculari^** ranks " vapores mephitici** among 

the chemical fedativesY^J 

(a) p. 33; 
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END OF THB SECOND PART. 



la collteting the materials for- this tiiork, I have frequently 
found great difficulty in ohtaini-ng ike necessary informa- 
tion, in eOTise^uenCe of the imperfection or inaccuracy of 
references. la order (o prevent the recurrence of this o(- 
slacle la any future inquirer into the suljecl of respiration, 
I have noted my references with as much accuracy as lay in 
my power ; and to remove the difficulty which is sometimes 
produced ly the employment of different editions tf the 
same work, 1 have subjoined a list of Ike looks and trea- 
tises to which I have referred, marking the particular 
editions that were employed. 

FOLIO and QUARTO. 

Baglivi Opera, (ed, 9na ) - • - Lugd. 1733. 
Bell's Syftem of Diflfcaions, - - - Edin. IjgS. 

Bellini de urinia Jt pulljbus, (ed. 5ta ) Ludg. hat. 1730. 
Black's Leaures, by Robifon, 2 vols. - Edin. 1803. 

Borclli de molu animallum, 2 lom. Ludg. Bat. 171O. 

Boyle's Works, 6 vols. ... - Land. 1772. 
Bremond, experiences fur la rcfpiration par 

Mem. Acad. Sciences, pour 1739. 
Bufibn, hifloire naturcllepar 15 torn. . Par. lJ4g — 67. 
Chefelden's Oftcographia. . - - Land. 1733. 

Darwin's Zoonomia, 2 vols. ... Land. 1794—.©, 
De la Metlierle fur la Refptration, Sec. 

Journ. de Phys. torn. 46me, 
De Marti fur I'air vital de latinofpherc. Sic. 

Do. torn S2nd. 

Deiman, Vanlrooftwik, &c. fur Vo&ide ga- 

zeux d' Azote, ... Do. lom. 43 me. 
Encyclopsedia Brilaiinica> Suppl, to, 2 vuli, • Edin. 1801. 
Eocyclopcdie Metbodique, Cbimie, 3 lom- Par, 1786 — g6. 

Medidiie, 7 torn. - Par. 1797. 

Fabricii Ab Aqiiapendenle Opera, - Lugd But. 173/. 
Fontaat 



P/oalana, fur I'air inflaroinable, / de Phys. torn. \5me. 
Fontana's obicrvatioDi oa iDfiammable Air, 

I ^rancifci de le Boi; Sj-lvii Opera, 

1 Hallcri clemenia phyliologiK, 8 torn. - Laus. 1757 — 6Q. 

[ Slelvetius fur la circulation du Tang par le 

poumon, &c. - - Mem. Acad, from 1713; 

JJoadly's iefturei on the Organs of Rcfpira- 

tion, - .... j^nrf. 1740. 

rHumboIt fur I'air atmofplicrique, &c. 

Journ. de Phi/s. torn, 4/ me. 
f Hunter on the blood, Sec. by Home, - Loud. 1794. 

I Lavoifier fur la refpiration, 1 ,, > j . 

i- Mem. Acad, pour 1777. 
fur la combuftion, J 

for la chaleur, - - Do. pour 178O. 

fur la refpiration, - - Do. pour I7S9, 

fur la tranfpi ration, - Do. pour 1/90. 

-^— fur ralteration dans I'air, &c. 

Mem. Soc. Boy. Med. pour 1782, i. 
I Malpighi Opera, ----- Lond. ifilS, 
Morgagni on the feats and caufes of Dif- 

safes, by Alexander, 3 vols. - - Lond. I769. 

' Morozzo fur la refpiiatioa dans le gaz de- 

phlogiftiquc, • Journ. de Phys. torn. 25me. 

,i'Nicholfon's philofopbical Journal, 5 vols. Lond. I798-I8O2. 
: _Pctit, remarques fur no enfant. Sec. par. 

Mem. Acad, pour 1733. 
I.^latre dc Rozier fur le refpirateur antime- 

phitique, - Journ. de PItys. torn. 2B me. 

t Pitcairnii dlflcttationes Medioie, - - Edin. 1713. 

tiieflley'a obfervations on flefplration, 

FliU. Trnni./or 1776. 
Sabbatier fur les mouvcmeiis des cotes, ice- 
Mem. Acad, pour I778> 
Seiiac for les organcs de la refpiration. Do. pour 1724. 

Scnac 
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Senac far ^e ditfphragitt6, • - •' -' 'Do.' poiirljig) 
Willifii opera, 2 torn. •'' -• — Genev, Wj6, 

Window's Anatomy by Douglas, 2 toIs. 

(5th ed.) - - - - - Lond. 1763. 

>■■ ' ■ remarques fur la trait^ de Bo- 

relli par, ^ - - • ' Mem ^ Acadi pour 173B^. 

Wells*s obfervations on the colour of the 

Blood, - - - - Phil. Trans; for 179^. 

OCTAVO and INFRA. 

Aberncthy's Surgical and Phyfiological 
, Eflays, - - - - - Lond, 1783- 

Abildgaard, experiences fur le fang par, 

jinn, de Chim, torn, Z6me, 
Bancroft on permanent colours, - - Lond. V/^A. 

Beddoes on faditious Airs, 3 vols. (3d ed.) lyrist. 179O. 

's obfervations on Calculus, &c, - Lond. 1793. 

Bell's Anatomy, 3 vols. - - - - Edin, ISOS* 
Berthollet, obfervations eudiometriques par 

Ann, de Chim. torn/ 3 Ante. 
I' fur les lois de Taffi^ite, Do. torn, 36 mt. 
Blumenbachii Infl. PhyfioL - - - Gottin. 1798« 
Boerhaavii Inft. Med. - - - Lugd. Bat. 1734. 
— — — - praeled. Acad, cum notis Hai- 

leri, 7 tom. - - - - - Amsi. 1742—4. 
Breeds inquiry into difordered Refpiration, 

(3d. ed.) Lond. 1803, 

Burdin's courfe of Medical Studies, 3 vols. Lond., 1803« 
Carradori fur la refpiratfon des poiflbns, 

&c. - - - Ann, de Chim. toin. 2gme. 
Cavallo's elements of Natural Philofopby, 4 

vols. -.--.- Lond. 1803. 

— — — on faAitious Airs, i - - Lond. 1796. 

Chaptal's 



Chaptal't ChemiAr}' by NichoUbn, 3 vols. - Land. l^gi. 
Chemical ExperimeoU and Opiniont, cx- 

tra6ted from a work publillied in the laft 

century, Oii/" I'gO, 

L'Cbefelden'a Anatomy, (6lh ed.) - - Land. 1763. 

I Coleman's dliTcrtation on ReJpiration, (2d 

cd.) - - Land. iSdl. 

I frawford on Animal Heat, (2d ed.) - _ Land. 178B. 

[ .Carrie's Medical Beporta, (2d cd ) - Liverp. iJQS. 

I Cuvier, lemons d'Anatomie comparee par, 2 torn. Par. 18G0. 

I Cation's eiperimcntal Eflays, Manck. Mem. 

f Darwin's Botanic Garden, 2 vols. (4th ed.) 

f Davy's Itefearches, . , - , 

I De la Bive de Galore animali, 

V Denman's IntroduAioa to Midwifery, 2 vol), 

[ Dumas, elemens de phyliologic par, 3 torn. 

I ^Edinburgh Medical Eflaya, 6 vols. 



i. Slh. 

LoTtd. 1799. 

- Land. 1800. 

Edin. 1797. 

LonH. 1788. 

- Par. 180O. 

Edin. 1733—44. 



Par. 1801. 



£^^71. 1800. 



Fourcroy, fyllemc des connaifTaacea cbi- 

miques par, lOtom. - , , - 
^~——'i Elements of Chemiftry by Thora- 

fon, 3 vols. , - - . . 

■ esperiencca fur les matieres ani- 

I males par, - - ^nn. de Chim. torn. 7 me. 

— fui les propri£t£s in^decinales de 
vital, . . - Do. lom. 4 me, 

— fur lc( experiences de Mayow, 
Do. torn. 2Qme. 

— la Medeclne cclairec par, 4 torn, ■ Par. 1791,2. 
Gay-LuUac fur la dilatation des gaz, &c. 

:. de Chim. lom,43me. 
Goodw}'n on the connexion of life with 

refpiralioQ, _ , . - , iMnd. 1786. 

Gren fur la refpi ration, jinn, de Chim. lom, 24 me. 
pick's Sutical ElTays, 2 vob (4tb ed ) - Land. 1769. 
Hartley's 



257 

Hartley's obfervations on Man^ 3 vols. - Lond, 1791* 

Harveii exercitatioDes de gener. anim. - Amst, l651« 

— de mptu cordis, &c, jRo/er. 1671. 

Haflenfratz fur le fang, &c. Ann, de Chim, torn, g me, 

Higgins*s Minutes of a Society &g. - Lond. 1795» 

Home*t Medical Fads and Experiments^ - Lond. 17 59. 

Jacquin's Chemiftry, by Stutzer, - - Lond. 1799' 

Keill, tentamen medico-phyficum a - - Lond. 17I8. 

Kirwan on Phlogiflon^ . _ - . Xond. 1 789. 

Kite's Effays, Lond. 1795. 

Lavoifier s elements of Chemifby, by Kerr, 

(2ded.) Edin. 1793. 

Lower, tradatus de corde a (ed. 3a). - Amst. 1671. 

Marcet de diabete, - - . , Edin. 1797 . 

Mayow, tradatus quinque a - - Oxon. 1674. 

Menzieson Refpiration, - - - Edin. 1796. 

Prieftley's experiments on Air, 3 vols. - Birm. 179O, 

Pringle*s difcourfes, by Kippis, - - Lond, 1783. 

Richerand, elemens de phyfiologie par - Par. ^ SOI. 

Sandorii Medicina (iatica, a Lorry, - - Par. 177O, 
Sauflure, voyage dans les Alps par, 8 torn. 

Genev. 1787—96. 

Schcele on Air and Fire, by Forfter, - Lond, 178O. 
Seguin fur la Refpiration, Ann. de Chtm. torn, 5 me. 

■ Do. torn, 21 me. 

Skey de materia combuftibili fanguinis, - Edin. 1798. 

Smith de adione mufculari, ... Edin. 1767. 

Thomfon*s fyfiem of Chemiftry, 4 vols. - Edin. 1902. 
Vauquelin fur la Refpiration des infedes, 
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Whytt on Vital Motions, - - - Edin. 1763. 
Yeats's Obfervations pn the Claims of the 
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PREFACE. 



During the courfe of my attendance upon 
the fever-wai-ds of this town, I had been fre- 
quently led to notice the i^pid changes of 
temperature which the body experiences in this 
difeafe, and I felt deiirous to afcertain how far 
they could be reconciled to the modern doctrines 
of animal heat. For this purpofe, I entered upon 
a courfe of experiments, refpeiWng the* chemical 
ftate of the refpiration in fever, and I afterwards 
determined to extend my inquiries to other ilates 
of the body, either natural or morbid, in which 
it might be fuppofed that this fundlion would be 
afFeded. As however I was aware that the fub- 
ytGi was not altogether new, it was proper to 
begin by making myfelf acquainted with what 
had been previoufly done by others, not only on 
this particular topic, but refpedling refpiration in 
general. It is well known, that this part of phy- 
fiology has derived the moil important affiilance 

from 



from the modern difcoveries in chemiftry, and 
) dat it has alfo immediately engaged the attention 
[ of fome of the moft diftinguifhed among the phi- 
1 lofophers of the prefent period. Their labours 
I iave, for the moft part, been peculiarly fuccefs- 
Liiil, and by their means we have obtained an in- 
[ £ght into fome parts of the animal cEconomy, 

which were before concealed in impenetrable ob- 
I fcurity. But the information that has been ac- 
I -quired, fiill remains difperfed through a great va- 
T riety of publications, fome of which are volumi- 
I nous, and others not eafily to be procured ; and 

in confequence of the rapid advances of chemical 
p knowledge, it happens in a few inftances, that 
I the conclufions even of the moft judicious phy- 
) fiologifts are contradi(n:cd by fubfequent experi- 
, pients. I conceived therefore, that my firft ob- 

ieft would be to collefl the beft authenticated 
I faiSs, and the moft valuable opinions that had 
I been advanced, and to arrange them in fuch a 

manner, as to prefent a correal idea of the pre- 
, fent ftate of our knowledge. 



The only conncifted view of the modem dcc- 

llrines of refpiration, which we have in our lan- 

rffuage, is contained in an article of the Supple- 

I zncnt to the Encyclopaedia Britannica, written by 

Dr. Thomfon ; and a fedlion in the fyflem of 

chemiftry 



chemiftry publillied by the fame gentleman. I 
have demonftrated my idea of the ability of this 
author by the frequent reference which I have 
made to his writings ; but the nature of the 
works reftridled him within very confined limits. 
]t was not without a degree of furprife and re- 
gret, that I perufcd the account of refpiration, m 
the fyftcm of phyfiology which is compiled for 
the ufe of the firft medical fchool now in exif- 
tence, a new edition of which was publiflied in 
the year 1791, under the immediate diredlion of 
a gentleman of talents and information, and un- 
der the patronage of a Univerfity, which ranked 
among lis profeflbrs the names of Monro, Black, 
and Rutherford. The lectures on the flhimal 
occonomy, which were delivered at Edinburgh by 
Mr. Allen, were indeed of fuch a nature as to 
fupply every deficiency ; it is much to be la- 
mented that they are now difcontinued, and flill 
more, that there is no profpedt of their publica- 
tion ; had that been the cafe, the following pages 
would have been entirely fuperceded. 

Every one who is acquainted with the nature 
of phyfiological experiments upon the living 
body, may eafily imagine, that as I advanced in 
my propofed plan, many unforefeen difficulties 
occurred, and many new fubjcds of inquiry pre- 
fented 



IV 

fented themlelves^ lb that the probable period at 
which I may exped to have them in a ftate fitted 
to meet the public eye, ieems icarcely lefs re- 
mote than at their commencement. Under thefe 
circumAahces, I have been induced to preient to 
the public this .eflay in its prefent fiate ; fhould 
any unlbreieen accident prevent the completion 
of my plan, I have fome expedation, that this 
portion of it will not be without its ufe ; it may 
at leaft ferve to remove fome obftacles from the 
path of the future inquirer, and ' may have an 
efie6i in dire<%ng the attention to one of the 
mod intoiefling departments of natural know- 
ledge. 

Liverpool, 
Feb. 24iih IB04. 
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